% 38% oM

v R ¥ 2 & 969

BT WBEREEKEFREESENXEMZRDR” -

ESESHMESHESERNS
ATERMENTERE R
o A =l R R EXYS

. AR AE FEHFEE TRE¥K, K 518055
2. MARB A wBEA¥E5 TREZ,FEI 518055

FER

[ E] AmBREAXRFHS2RAGRANRNESH T, ABELES AR NE R LML,
HERCNAERREESARERM AR . ET 5 FRBERAMBRA MR RIFK
B EREEEHEREEAEINERASRAAYNWAR  RAER T £ESTRARE S K,
BT IR R AR Pk R E AR AN SE R T TR A U A B AT R A PR TR AL
BERE, RELBAEECFA, FHL G RAREREAT B, R = 4w e o e o 5
ERAMBIAERECERL S TTHE T RN =B E & A RO K E k&, R AF 2T E AN R
BUHHNRABEANEE GAEERFLSAEGHZ 2 BUN NG H AR AR BN FFHERE
FRGEAATITERENTEFELFREEANLE., AXH W BXXHEREL, SHBEHZ
B e, HRNBEAEECANEFRNEFARZEBRE RUCERTEE, 5 RE KR
BREERETET RN S IR, ZUE N R A EFRE AR R E SRR AKX EA
M H AR BT EFEFRAOR IHEN (AR NEET RN EEMAFENF  KATH LA

AERBREBFHHR B RBWENTE LN L TE WA F 2 XA FFA,

b
o

[X$2r ]

¥

AR SCTH ) P RO LR AR M E R K, B
TEAR T F T BEA FRAT B 2 3 2R R G0 WL =5 1) 25
O3 P RBE % e N TR RE KRB Y 3T T A S BB 1
] AT AR AR B b AR . N,
ERHGE JEN NS Ei Y-SR S N S
B2 s pE g R, R A KRR AR TR
E I TA) ROBE 09 s L RS T BE L 2 0 K R =X 45 R
S 2 ORI BE T A I A A2 R AL
HEIR AR MKW, 1880 4, [H bR 4 4 4
(International Meteorological Organization, IMO)
WL B S A ERTR B U ST B R L
SRR 4 2H 41 (World Meteorological Organization,
WMO) &R 27 F 4 3R A2 A B 58 19 18 1 A
BEAILR o G UL AR 4 9 FR R RRE AR LA

Wi H #1:2024-07-24 ;& 15 H #]:2024-10-29

HBEERNAEFEERFFAFEEANEFRA; EATRER

M SHr AR KRFHFHIZ ZBARR
HBREBFELSLELELET FRAR AT S A L,
1999 F T 2R FH B RFHRF L F145,
CHEALRXFHFHRBZ . FBAYTIX
FOESRRE L R A PR R
EAGHEBRARK . FRTHRLERF S
o PHSRFHENMNFTHZRIAFRLRE
FBRZEAHAA KSBAINELAL A BRI MBEERAREL
AFBER., AR FOLERE KL HF RN,
LIS 7 AR - B S P

AR L LA R BB AU LI ) 1 53 55 H R F
A R TR N R HH AR IS R AT B — R4
2023 AFJ2 N T2 AE WK B8 K A IR i AR Y —
4, MR B2 E 7 H T Nature BRFE T “4#
R AR BRI SE AR R G el 2 0 2% TR

* ARSOALE B 5K A AR R 4 R L S 366 DU IR IR T IHE I N AR

* % WFME#H . Email: yan. zheng@sustech. edu. cn
A 3032 B FE 5 A KB 0 H (42321000 BB,



970 s F

¥R 4 2024 4F

] T AR 39 AR RS R T AR
B AR R BROUH R B ORI R b B B (B A A
( European Center for Medium-Range Weather
Forecasts, ECMWE) , X # i K40 5 KU 25 A9 of
iR & T AT AR ECMWE-HRES, [F4F 11 A, %
WA Lam %" T Science b RFTHTRLHSN
BYEAY B A HL 2R 27 ) B GraphCast (RS E )7
W, GraphCast A4 I Rk 10 KD & =5 6] 4y
HEAR 0. 25) R BRR TR AE J1 . 78 90 26 1y P A
T ECMWF H{e 58 71, 0 i i K ) T4t 3
JUERG . N TR BEA AL R E A AL O AR T
B R 7O A A P AR Y A, BT
RO TR BRI AE K AT i PR L M T M Bk
P2 U 7K S T TR R A S AR S B T R F
RS X RAE g8, N T8 Be iy i ET R A ik A
s,

T T it o 2 R Bl 2 X — Bl A AR AR B R
AR 42 1 K — K A2 25 FR 48 1Y S B AT L T HL
TE NS Bl T8 T 2 B B 00 A 25 UM 70 e
551k, 2012 4F, Halpern %5 34 fi 2% & @ 7 X%} 4
A VEREE I R 3 Ml S TP I A A
A Vi PE AR B 48 50 (Ocean Health Index, OHD , 3158
JY R 4 BRI 1) 52 00 VAl 4 30 V(B 45 B
oh 60/100, 3k 2 53/100%  IF i 8 A — 1 2 5% )
TR VR AR 25 2R 490 fi B 1) OGS ) AL, K T OB SO 2 2R
2017 4E KA B (A BRIEVERL 2 4 VAR A AR
MR 2 T T b DX AT R 82 e Jre T w7 B R Pk A, AR S
JIT IR A AR I T8 B IR K AR 2P A 1 %
8 ALFE PN M WA ) RO A AR L R
WAk R 2T B U B AL G E R RE I Y b,
128 A Bl ) R0 A0 T S N IR R A . ik T X
RN R B AR, B iR
FET T T 5 AR AU L S/ A R XL mT A ARk — 2D
SRS SR 187 N F i SN 20117 O = N L S R
30 B RE 2R T A v 7 ) 4 R R e ON A
JE BB R HA BT AR N R T A
HE S B K R 85 ™ 1  E SR A L R Ui T
Fony i KOl BE TR e A H B R UR 1] BE i
WU B EEER A R RSB AT
SR JH N3 0 20 10 A= ) 2 380 DR RIS S ot ) £y L 45
T B B AT PILA A 2 B A 2 2R B TR T
J&RGEWTTE R H PR R A W) AR A R A5
P CEFRER K S T3 5 K SR B S Y AR
W) 22 UK A IR S HL

I EAE R — A bl il e £ 09 kR b KL A2 T
N T U U R Y R T LR
Ao A R R RS 25 PR B VE R E 7, 2022
ARSI ER R EHEZ  H SR BT URE AT B I
Z B A Iz i ER A M A A S RN (] v A Sy R
HEVR TCE S G IR B RT3 ). W]
BT %) 2025 4, W KV O — BNV BRI O 4R
AT T S8 AE A P B AR B A L T 4 O Y A S B A 45
BIRBERE ) B MY R = R A UK B R (—
T WEE 2020 AEEE T 2 AN E S SAELT IR
Hbr. & REZEMEAEFOKT&7, 01T+
47, DRI A SO ] 30 1 A S R BE AR 4P X — i K [
G SR BT U AR S PR B AR ML S Bk O
BEXTA F AR X — H AR AR R E TR AR G
B AL OB 0] B, 52 i 2 22 B A8 SR e iy s vh
KW B 5.

1 EBESHETHRBAINE S k&

L1 EBESHERBREIE

K LIK  FER A o8 T4 PG SR O 3l T A= A5 24 B
SURIINE RS N 7 R R < L= WA/ T < ]
TR, R A A TT IR X 53 B R B4R (probabilistic
forecasting) 5 HA LAY @A M|, 2001 4F, Clark
ST Science R, B WK A B WUl € R 5
XS RG ES RGNS AR FEARE TR
A AT N T B R A 5 Bl B B
T & AN E M43 BT B TR (Ecological forecasting is
defined here as the process of predicting the state
of ecosystems, ecosystem services, and natural
capital, with fully specified uncertainties, and is
contingent on explicit scenarios for climate, land
use, human population, technologies, and economic
2 LR R 5 1] [ I R R U
J&) ( National Oceanic and Atmospheric Agency,
U.S. . NOAA) . % B F it & (National Aeronautics
and Space Administration, U.S., NASA) .3 EH
F Bl % 3 4 £ (National Science Foundation,
U. S. . NSF) & B il 22 4 i A 25 W04 0F 5 11 4
X AP B BB 5E R 2 B AR T AN R U f A8 A1 5 R AR
AR G N R AR 2 K ) T (Projection) , £ I
MacCracken"" 2¢ T IX 43 prediction(A~ 35 52 17 &) Fl
projection (BAE 1H 50 Y1, BRI 0 Can ¢t
XF 2100 4R AR E S AL 1 FO R H 2 H i 5 A=
A PR SR AT AT O T BT A B ) R N () 25 (]

activity. )7l o



$38% Hoe

FRHEAE TG AR 75 B0 v I A5 43 MO 5N T BRI RE 1 T R TR 971

FUBE A A 30 T 00 45 2R~ R OB R T S B
S RIMEEAN 25 B 2 AR AN A o A 300 T80 &4 2R 5 2 45 2
JUH4EJ5 A BB S IE A T3 5 27 ~] 20 A 00 445
T B T 7 125 AR T AR S TR e AR R R

2017 AR, 2 AR XS T B G AN TR AR S R G
bl IR S E BN N E NS SO IS S NS U 3 7 o
Houlahan %M 38 5E T J& 0] 56 50F A= 25 B4 04 0 52
P L S A 25 2R S I TR0 M LA gk L AT A R 2
(M JRIBR . [14F, Dietze' ™, 75 1 & ¥t )& v2 4
— AR AR T ) 2 AR B 2 TR 9 9 T 4 4 2 B
TR G A Jr ik 4 th DU Jlr s (R e pHHE 4L kAR
BLCR IR 2 FURL - U8 D A ) FIAS B G M o A0 45 T 1 1Y
B M, 2018 4FE, Dietze %% 7E Proceedings of the
National Academy of Sciences of the United States o f
America (PNAS) I R&FRiG I, — L UM E T M
R OULIN A5 4 sl A8 e L JF gl 09 A S A i H
T o WSO FH S B TR 0 SO 00 45 SR A T 3k AR T A
AU TR TR Y 1 2 ) S B L BTG b ik 55 b Oy AR S
BT R, S R I I S A 1 3V A A R
Tl A A SE LR SR T

[ B A= S P 48 131X (Ecological Forecasting
Initiative, EFD) {5 760 & A 3255 — 5 2 Fh A9 55 2
FE D R I DG TR I 0 AR S T, R A EE TAEA R
PRI 1. 78 EFT S 58 HE 58 o, 58 [ [ 5}~
G2 B R A S W B (National Ecological
Observatory Network, NEON)#F5 T8I £ T 4=

AR PR, F 7 A H NEON £ A i # ik
FRAG R T ok 52 B AR A T g 0 42 5 (B 1), 2020
W5 A ERRRFEG ML LS RSN L. 555
H R IR K T A PP R TR BT A
A FRE (D) WA BE Vi S N 2% F-a; (2) Bl il
Tl i FIZE B 5 (3) AW 2 W0 s (4) W U h B
FRL; (5) H AR, E— ABEFR WL KRBT K
ARV ST E D ZE, (EERMEE,
NEON #7871 i 8 - i #b S 3R K R 58, X R &
I A0 T o [ 00 R R BT, A8 3T I S0 AT AT X
P 1 A A T 2 A g s L
F1 BEFR&ESBEITR EFI

XN BENITEA MEERMIENR

2B R SEN FRSRETIHCT R, ZEA
SR AT S0 A 14 B
BL 5 B SSRGS TR P U RAT &
i TR WL L 2 2 5040 7 5 9 4
B
TES TR AR 25 6] ROEET AL 2R AL 5
Hhas il o AR A R R AR B — P G
4 TR AT £ 2 22 1Y ) A
gt 7/ QU IRC I v+ & O K e T S R PR
KOS B AR BGE BT TR AT £ 057
Tili B it 1B AT BB U R R R 5
FEMN (%) BiflbrmE  HUEMRS T B BRI K i %
Tt 2758 F A% 2R A7 O 2 4 A o6
ol p e

mEX

KEFEi

FREAk H R

I 51
g

WL
Bt

AR
YIZAER

----- [ YR

iR
AL

Rt RS

Bl ZEERMFESSADNERESUNMARITL NEON EERTHESTRIRBENERBRABB RER



972

o R

¥R 4 2024 4F

SIEONRR S DURIIES €/ U SR N CX IR TR B ELE N
PR FH 52 B D2 R 114 3 WL N0 45 SR DF- Ak A 45 2R L OF
TR AL | HE — 2D A B B S AT AS Bk AR
I, DA A 2527 B B0 A 52 B 1) R g
1.2 EBAEEEREBENMTRENIAR

T AR AR BRI AR L AT AR R AT AR AR AR
PR B e AR SR E . A E X S
AR A LA R0k vl it 9 b 55 7 ol B A R R e i
HmmE L E PR L E B, 2 E 4T 1998
SRR T CHRI A B AR AN TS Sk R
(The Harmful Algal Bloom and Hypoxia Research
and Control Act, HABHRCA), 3T 2004 4F.2014
AEFT 2018 4R =R HFAR AL, R Z B ERA, K H
] G T R RS B g B B 56 it U T A 2 B B 4
TAE, ZRBERTERE T A FESE A R R GR
W » vibriosis) (A 4 22 B P St 00 R S5 55 Al B
JEHIZ R T & 1 580 ¥ 1 5 B 22 G (National
Centers for Coastal Ocean Science, NCCOS) 7£ H:

B HzERAN
- EERERIEE

Ei bEB o o*® :
+ EofEUENETRR
© AFFEILREERERR
+ EEISERR

¢ EEREKEKRTUR

FERIER

- MMETAERGRKEE B
- EFESRATRRS

- ENESEERETERY
- EFERSE)EIIETEI

AKX
. FERIBERETR
- EERBEFIRHIEERETIR
© FHNEERESTIERR
+  (FRIBEERETRAMSKIIR

.
.
.®

BN T 2 A 9% T I T SR E SO S S R
AT TR (BT 2) . 7 Z R IE 19 02, NCCOS 11
U K 3 v A 25 B 8 TRl 55 B S PR 56 R U 2907
GRS, BN, A7 F AR T 2 h 58 [ [ 50 v
FKAEHS TEN 6 AP € E 005  BE T
BE mEZ A ML 3t 15 A A A AE 52 .
NCCOS 1y 28 ATl 55 A 10 A FHsEdE, I
b 22 35 F ol 55 0 5 AR OC (I 2) . BT, NCCOS
SEIRT AR BE AR R R R R AT — YR B I T T
o T LA 1) 45 T b DX b A R ) B R AT R AR
2t |2 DX 3 R 5 il T ARSI B CH / JED 0
(89 IR 55 3 o 4 S A 7 3 8 1 K Sl AT 2 T M
AT T e AR R R O B RN AL L3 X BT
TEY o R R DALY 2R AT TR v A P o TR AR 1Y
Wi, 4l NCCOS 2024 4 6 H 14 H ¥ iiE , %+ F
Y1 I5% Bz 50 75 B0 M43 IR B (Vibrio vulnificus) H
PR %) B[] Rk 6, T AR T K K A U OS2 S
BT I L2 R M A 3R T AR,

FALER

. IEEEERETIR
s ¢ FEBEERESTIRR
. o FRMIEEEKRTR
© IERHRNEEE KRR TER
+ FILBESIRRRSSE

RAEEF

IR SHRETIR

+ IERESERR
 PIERT S UAIMETUR
IR SRR MR
© KEERRLTTR

© BRENEEERKATHR
S ) VA S i)

.
“‘
R

BEEE

© BEEAEEREERG

- ERBEANSSFCRTRLTHILRR
= T 55

B2 203 FXEERBEFMASEEREEBBEMAXPRESTHRA 28 NI SRS

B IE S NOAATY

WK G [ 2R SC2H U 1 PR RS [ B R B 273 )
Xof A BRBGR K AR B A AR TS R BT AR Y 4
HEVEF] . 1998 48 kA [ BORE SCEH B BUR () 1 v 2 22
b1 2% (Intergovernmental Oceanographic Commission,
10C) HIE 7 BT 58 B 5 2% B 22 (Scientific Committee
on Oceanic Research, SCOR) B & S H5 )7 8 T 428k
AE B AL B ¥ 5 % (Global Ecology and
Oceanography of Harmful Algal Blooms, GEOHAB)”
WEFEIE RN . 2016 4L %R E &4 o8 “ 2Bk E W

4£” (Global Harmful Algal Blooms, GlobalHAB)
J&BRUR Bl B RASAS [] B DG T B R AK AR 3 B ST
T 12 A FBEARIE DT ] AL A T D R 2 A A
Py B A R AR 5 BEEE R A AR S K W
RSN 5 A A8 A FAT WA A 2002 4F .
FEWAEY (Harm ful Algae) PG T, XX — 4538k &
Je B BARMLE X, HB PS4k ScE 4R L R
BT A H WA 1Y T A T B A AR A A
A7 0y O LA AT 00 AR 25 AR 48 LA M5 e HG =R 1 1 Ak



$38% Hoe

FRHEAE TG AR 75 B0 v I A5 43 MO 5N T BRI RE 1 T R TR 973

F LR Y R R A AR A %
TR AR TR BRI AR S RS
AR, Wells %21 19 14 F BAEDFEH T 2020
AR 0, 8 I IZ U 7 AR 1 5 AR L R T
IO 0] i) 2 DA RO 2 O T DG B A R
A JE PR O S T e AT 3 AR TR FRAE Y Y B T
fol fn, € = 7Y 9 T RCE B R (Domoic Acid,
DA)J& 2 Hi A7 FH ALK F R m . DA A &%
RIS I B Cpseudo-nitzschia ) 53 1 » 2 16 VE T 2L,
W)/ 5 2 v B R D R N 2R R A DL 2R
BRI A IR AR T . BT X R R I & N R
JE N A 2 XU Tl 3R 4, S BT R B TR 1 O
S IR e, JH A A HE 40T B S A7 W T K 0 ke
B PR B ASE DL 1 30T T A7 5 B AR TR AT AR A 1Y £ 5
MAE™

TEFE I, 2 AR B LUAE B R 20 0 6 07 ] B o B
oA AR T AR SR T B W b, FRE T il
SR F LR AT 1933 FEHi L. ROt
¥ (Noctiluca scintillans) F1 A Bl & 2% % (Skeletonema
costatum ) 5L, BT W8 7 FH A D12 5506 VE AR W)
FETH . 20 4l 70 AFEARTF AR Y0 SR L 4 A I
R i) AR R AR B A 2 2008 AR 1242
WL A 1980 ARAY AR E TR L [ 5K R G A R
W TAE L FAE 2002 FERIE T 19 A>3 A5 00 i 5
37 R B b L T A i iR ) e M R %
CA81T 20 RAE B R T8 X W & WA R 48 . 2000
AR I % B 0 A AR 32 SR AE % (diatoms) Fil

# (dinoflagellates) S & B S W “ AR 7, Z )5,
KE®EE BT & TN E & Bk
(Aureococcus anophagefferens) “H 1~ (2009 4),
T Tl 2 P 10 96 R DAL 600 A O ) ) RO A e (TR
1997 4F B YL SR % Fh A 3 AR D) AT 41 Sk th LRSS
TR HE B R A, AR OR TR E R A gk
O S R S A O N N B SRR R =
(Enteromorpha prolifera)“%%” (2007 4) K gk
Wi & B B (Sargassum horneri) “ 4”7 (2016
AE) L ITAE L R T O A A AR T i LA
FE 3 Ay 3 TR G DA TR SRy 3 T R T BR UL A
HE ) T2 B DR B R O RR SE e 2 (& 3) . i B A2 Ak
B LT AR A B A A 2007 4R
PR BED R 7 AR TR A R R R G TE . A
il & 2008 4F Bz 23 W1 a) 77 5 i R 0 R ik —
AHES) I T A H B R CH LD 0
W HARBEL N () A AR 1
22 BLE MODIS 102 3 A 330 R LR I e 1
(2) 183 2% ¥ i ¥ 3 it ROMS (Regional Ocean
Model System) B , 25 4 1 1 6% L 5 % L Argo M
N 8 VA i ) S B R R B A A5 R R Ak, 11 5E
RAEEAE 6.5 KA B RS B . LA by 40 5 1
SRS AR B Al L T TR T N T A Y
SEVE L T T TR R RN e o RSl R AT N L SR
BT ML F— AR RO UM S B0 R AR S I S AR
AR RN . VW U R B s T b R B R
B0 B S04 B T RS R R E RS A S SRR

(@)




974 hoE R % & 2024 4F
o AR AT BUX L 5
[, Sk i 1 ST AR i
g 2 R s R o VRUFHA MM CHARO
b "
® o meszswesny ©
by W S o7 2022 AFAF BRI A A 1 LA 7R 2 A A ST
=i L L CHkil: TR ARTER)
101 e RAER B FEAEIR ) TRE
>§ g 1 3H124H19H| 38K B
K T _ 2 3A14-3A23H] 10K WS *
i'é 6- T : % 3 [3A3A2A] 10X L2059 3
Lol i : BOLH
g‘; 41 . H H : 3 B 4 4AAU4A13E| 3K Mgy
® oo . . - Pl [ﬁ 5 TA21-8A1H | 12K | MEIIZEHKHE *
- o . 2 i 6 8H2-8H 10H 9K E B
Oy e L el 7 s8H19-8H2411| 6K Riihifn g
1 23 45 6 7 8 9101112 |[vhBaasmm mEtRuTi RN, 26 M FiRmai
20224E1-12 A4 R A VMBRE, WRBLTH RS H A, MR T A
3 (a) 2022 EFBKIEFHEYREELEREAMAZAZBRUNZTEASFE; (b) EBKISEELELERKNER

5FFEY RN METEH AR ; (¢) 2022 FEBKBNRENURBATHEERESHFIERE

T = 3 Ca) B ok I T 56 [ vh a0 B R RLBOE B {X MODIS

Aqua TR FZAR G B2 R] S Y Mk A R 4F 1:30 Z247) . %5

BIBMETEE 1A B PR A8 BOBE. BAEMIECR A T Dai %57 P & M3 F i g K %65 CIE (International
Commission on Illumination) B €& 25 [A] Al 35 42 28 8% [ sh /0 2858 8k .

R 6 R A O VE O ST T Guan Y T
2022 4F [l BT 1 3 [ A7 55 6 A 10t 00 L ASE UL T g
I 40 AF RO FEHE R el 1 RE T 18 SRR A A il TR 3R
e T T AT T AR I rPOL SR AR T T I Ak i R Ty
THT PR R AR B J . I SCHR L B e AT AR I R
Lo RGO WIRA HRARICE MR B Z R —
A DA B LI R A T A SR 2 L 4R v AR S
F8 TN U AR M R . e T T AR = LA
FLW A Wi R AE 1, JF A2 R IR N 1O 45
il 2 PR ST AR A, TR 2 AR o3, o3 S H L
i ) T 2 A A T R I TR L e ) AR
X 5 I VR ¢ T Sy T B IO AL A A R R A T
U A A R A S R A i B R S AR
AR S B35 £ AN [ o A 20 DAy 5 A DA 2R
ZEGITER CEILEE T AN TR BRSO IR,

(1) BARE AR

RN I A 2 0 T e A L 5 O OB
Py Al s FAE W A R R A T 2 T R A R
145 P S8 T 5 A 1 O B A e ) S P AG 2 TR
B R . A0, B — A B BV B RS B HORL T BR
PSRN ASC AT LA A 2o T 14 (07 B L 3 % o JEE AN K o a8

AT (b B B0 A (7~ 8 K A Al Ap A Y Xu
AL X BRI A AT P 1 38 ST Y Delft3D-Flow
T8 B A A BT R AL T 2020 A% 0 55 R
A TEERS R G AR 5 46 4 1 R 5 B L
MEG A AR T AR A . R, B T &
TR I o B R AL G AR WA G i AR A L 7R L IR
ToEBA R V) R R SIE T B, ST
PEAE XU T R G TR SRR R Y W A
51 Y A ) VR B RN AR KA B AR AL
AR Y i FH — 28 90 i B 23 O AR A iR A 5 4R i 1]
P iy 2B A RV BAAT R, %2 25 20 4F F #s 7K 8l 08 ) )
R S SR R R = A =l (< T o = P v |
87U, FH R KA T Y Y sk Ak 2
1 AR A BB Y B R TR AT K R
T 747 45 5% 3T R ik 2 I A DX 2 A A 18 R 4 L
BT BRI U AR L AT A R A AR I
A PLET GE I i 28 Z 0 R A0 X I 6 5 4 X T
G A7 A B T SR B

(2) WG K N T Re R

2L S W I BT U NS W3 W7t A o R N
RERBHWHH KW CR., MEENIARWH B



$38% Hoe

FRHEAE TG AR 75 B0 v I A5 43 MO 5N T BRI RE 1 T R TR 975

St T RBE o AT B AR R A MR R TR O R
T, LA F AR E L iR & B AR . O
ERRD R NS v i b e s /(e S a5 R ST 73
i S B AR 0 AR AR R, T AEOR . Z N P4
B 8 E . a0 He %5V F A SOM-
LSTM filt & 5 b 1 K B0 oI ) 100 4 A5 7Y, DA Vg
VTR T DR R) A O I, A AR Ab 1T
Bl 1 B S L B L YR AR AR Ak 1R 25 Sk
AN A2 P B 2 TR B AT B8 TR Y 40 %0 B
55500 BF X 2 [A] B 3 S I P AR s T R B TR 4l
BN TR BB R, 0 Lia 2005 1 o A 8
AT JE /R e W—m i % 31 (El Nino-Southern
Oscillation, ENSO) 5 PG Jb K- il s e B & 2
IF1) B4 R S R 5 AT BBl %5 R NCEP (National
Centers for Environmental Prediction) F-43 81 % Kl ,
HEST T T R AR A AR AR AR AL s Guo 254 A
FA AL I I 28 1 18 JR L AR AR AT 1) 55 B BCHE , g vy T
FE T HLAR 27 2T 10 i A8 XURS: 00 32 45, o 7 B Y A B
KRS . SESEGITRIRIA L LA % > L H 2
TR JE 2 > HE 7R 3¢ B0 L O iR 1) T BB T L R e TOXT
PEAE IO B o B PR RN R R L b 3 T A T
219 WK IR 25 14 38 57 B9 N T pl 20 TR 4% A AR, T o
BN 74 %5 Lio 25 R8s AL 5 3 . 45 &
LA 22 > S5 AL, AT Z BB 4E i S5 i fe . >Rk
ARG TR A5 T 1 B v A U () WA B T L A T A AR
B B 8 (Karenia brevis) 77 1) B9 5 3 1500 £
Gt SR HLER - > B TG 2 PR o4 ) AR R TR Rl
R T AT A7 7 Jmy BR M, G 1 4 1 il 42 O 1 fb e 1
Tk RS 2 HILH

T BB UH ) S L 3T S U B fr VR B S S
B K BT Y A K R BE T X T S AR AR AR K E
FA) 50 20 R T A 6 AE Y R, SR, BT T TR K
JOASE AP0 S0 3= A 5 R AR Ak e I TR Y
5 FH XT Y 55 . 30 A I A R A 52 ) 3T Y K 5 )
A2 FAE Y R B T R 0 K B B3 A 4D A A
A LABE LK B A 4k s A8 B Delft-3D0
EFDCH FT WASPH™ 4540 3 PR AR E 4 ) 42 B
TRV, B UE Jo AN AT LK /K 5 55 4 A1 4 2] ok
K s 70 AT LUAE A 28 7K AR 6 A [7) 35 43 22 [] i 57 e 59 ¢
FEO R T AR 0 R R LOKS 40 %1 1 K
A BT ) S PR PR Ao R 00 R R AL, B
Fof 25 0 B 6 v A JRE KU 000 45 B 0 A AR o R B8
BT OL T R B AR f iR 22 A K, TR B X 4K
RS H AR R A B AR T TR 0 2B

A, AHLEZT B2 20 B R A 7K 5t A A5 v (4 7
FES 7R b TR A T Rl e v A O R 5 I
PSR A BE 7, 752 FhoK BT B0 b R B,
WEDY R SV R A LI AN . SR
BERUAH Fe AL A 27 ) BB B8 v JL-F- BV A A=
JIG T 235 2R DA AHG A 8 22 1 e ke 2 4R 52 24k 14 0K JBi
TERRBRA S R N ok, HL A AR o A R AE BT I UK
JECASTARL AN FHEI e % 8 RTATS SR A TR B Be
1.3 EBHEEREVWNS KA B

A E WK E I R G L sh o 5
A A SR B ICHE KA/ R R, R
A E WAL TR A PR E S KRR P A KR A —
ERRLZAL, BRI =4 B KPR IR K P
E P AR TR AT AR M . 2 1T 0 i R KT
HE T 8 05 B il I 2 RN i L R 15 XU R TR 1R
2 E ORI, AN, B KR I8 B I 5 5 AR TR
TR 55 00 02 58 M A R M TR T i R A T
A E R PR . PRk AT 4 3, A A DL O DGR
S A o R AT R R DA R I T P A M

M2 & 5 A7 nl BETE AT T B AR 2% K 1 I (8] | 4
B SAR J7 T RS 27 A B 2f A 22 B
¥ S IR KA 3 3 A Y 8 g e T, WL B ] 4 9
T AR T i A R BT, G b — A S R Ay DS U
BARBE & Smb 55 . B BT KRB (Eidgenossische
Anstalt fiir Wasserversorgung, Abwasserreinigung und
Gewasserschutz, EAWAG )#Y Isles 55 Pomati F 2021
ARARESCHR L 2R L TE X AR (B E )
NN TR Ry B UG8 @ A L R S SRR A D0 RE i3
T AR T BAEA R K A 25 R G000 2 R LA L
T 7 2 S LA LAY L L R R o
FFGE— 58 SO KM v — 5 T RR B B N T 3 A
Pyt Wy v B R A IRE DT L DA A KRR e R R i
R DVE A BR L A KRN AR, AN T8 DL A i
A= ) A B S R AR R e SRR TR
A B 30 v U S0 R AR A L B T I [R) 41 U
8 B T e e B AL AR i — 2D R S R R R
PERALCIE 4 FF 51 X0 A [F) 28 2 e A6 =R 4 T 41 1) i
AR AN () 26 Y 5 AR AR AE A g 0 B DL SR R £
Yy B0 A A 28 2R JF 3R BN T 3 5. % S0
JE SR L T B AT R 2 8RR KR &R Y K B R
WU Ry B ] B ) — Ok I ) G B O R DLW
B Ae /N B H R 30 3 AR Ak M DL 2] AR
A 8 R BT A | 5 B8 R A A SRR AT L iR T B
F ¢ H SR UL E A ) 3R



976 s F

2024 4F

[ LAERERNEAPBRARENN | [ 2 MEABSE |
' 3 Y ‘ B %ﬁHW‘ .

: RAC S -PEZ Ha |
b3 B, > 3% B i k4~ QMMLA”
b1 Dai etal., 2023 " “Xiong etal., 2022

WFBE | MRS | HTEY | FEMT | 3. FFH+ARREL
TR | s | REEME | RO 2N
A LIS Flow Cyto eDNA LC-MS-MS
% ESP AR | BRFFIIK THHRELISA
TR FlowCAM Y JR{VELISA
o mEEm | seegmit qPCR e
& IFCB A EAEpiES FRER
Y POkt HABScope Rt SPATT
| amports | [ soubsmEie || e ZulcensE |
R DU 2PST N
& B UK ADST N ra || LA
Zo MEFEDIAEEENST *
N L2 Jetk MU HE FKAST % .
5 Pt T ‘
8 vy, | |l A
=3 RN :
% sram o - # MA
Chemicalbool by 4 . \
Y
T LT T ] WWM W/W\M

138 ng/L Isles and Pomati, 2021

| BREER: A EEE RSB WA S TOR A TS AL |

K I:
A EF RN

ﬁ%: Ei’ﬁ
HEWEZEEL  AERERENRAT
[RlEegig U R

)

S R

Gilbert et al,, 2017 ~ NASA Earthdata, 2024

e pEgEER =fs  ATHBER
| SRR E AL 5 TR AR 2 B R |

Marjani et al., 2017

B4 AREFBREMNEBETELERENETRES

TE B UA JR 30 ¥ A AR LI 5 TR G — R
FERH I » 7 JAE LI A O PR BIF 2 RS SR Sk bR
T $2 A T T 3 2 ) A 2 R UL E T 5 Bl U
R TR R FIT A+ AT R A 5 R AT T, A
T M T AL ROt i T A 8 IR 4F 2 IR A i s o
SRS R E AR R e R A W R R
ZICHA RSB, RH S E AR R E T e
i Sk AU 1 PR IS AR R B AR . R SR AL [
PN AN S A T A R S T D L T B L ik AR
) A W 0 A2 R R S R PR s R BT A 4y
MraE Rl 2.2) . e i 25 0 9 E b8 B O B 3 38 Pl AR 19
AEARS XA A o 2 R R T AN A
5 {idt B AN R A BOA F W AR 2 S LA R DX B S
i 5 2% FLL A g S A0

5 s A5 P ) 390 0 S UL e Y B fe R A
by SR T DT O R NN VIR A I S o A st
[0, PR A B KR AR R TR KK B R
Tt A B 2R L AT AR R A2 22 b B 85 2k 1R AR A
[l S, KA T 8 2k e B 3 LA AT 0 W6 AT
TR NV S 3 % (Microcystis aeruginosa) N I,
TN 2014 4F 2 R Z RN B3R 200 w8 & E R
KA . WA K219 Ho M1 Michalak 2015

A R 38 B A AR R 0 T A S AR
Hh o BRI AT S 9 e S AR R K A L B A 1 i)
F AN L HE R L & B LR DU O T k2
ZRRHE(D BEAFEENTIE, (2 AFESE
S HAK e LB, (3 EEES N A S
s AR R R (4D Wa IR B S AR SR L B
AP T A 2 3 A 3 B AR R BV T T I Y DY
PRI 56— A F AR R UNR 2 5 B A
WA e AR R L I R R A E AR
SEARE AN G — X AR 25 R M B B 5 (Explicit)
f& 5 2T fiE (Tmplicit) f& 55 A9 W R &3 5E b ik 1
B R BRI ol OR B 0 A TR A O kA R 2
St KB I T B = X R e AR K R R S A
B 1sF 1] 43 3 23 114 Bl A5 BF 5, AR X v 0 40 o A e A
B R0 L AR IR AT L R X T A ) R
MBS, 5T a5 a A% % % (Microcystin)
e FE CDNA F8 b R i B A 1) BP ) B8 95 4 233 () 11 ]
(4 IF 53 45 L R A vl Bk

25 1 AN R AT U I TR UK A BRI A AR T
2 o THT I £ i A M Bk I o 00 0 A 2 T, kR
2 — I 1oy ISF ) 43 3K 00 I BB e = . L SRk
o Wy AR TN TSR AR N S 6 A A S B0
AR R A G (B an g J] B B E Z k) . ARk,
B % J5E T 17 b 10 14 J80 25 190 245 M1 B 6 90 6 R 1 %
AT A £ 7K o A T A — 26 2 3K [ R R b X 3% #4074 31
TR SR B AR o A T 4 2 1 Al K T S 8
BT —FE T B L R A E AR AR E
BT RN 2 S B0 AE 2R W D AP b AE B K 0 G
By BE L PR AR T RO A A e SR A
B . 76TV A R R TR A K B I R G T K
e O LI 125- 1 B 7 = I 11 O R AR
RGBT 2 2 K 5 S 80 2 R TR K B4y J2
MRS EAR AR E AT AR ARE & & )2
AW SEZ o 1 FH B AR A D ABLAE S O LA T AR B
U= R R Wi A N &/ TP
JE M HE TR A ) BRI R KT S A T Y 3
Bl S — T L TR R SR Ok K R K sk ) 4
T e L H 32 BR T A o 8 S R = 2 5 L B
S DA 2 3T ST B KO TR A R . B4k BT T
B 7K e 38t i DA R BBOR R K TR K A B .
0 7 o ST I T R ORI W G 2022 4 R AR 2R
RAFRA — & 24 5, 7] e 5 T2 3 B 3 1 1R 1 A
A U X R AR T B R A 1A W A
X (E 3,



$38% Hoe

FRHEAE TG AR 75 B0 v I A5 43 MO 5N T BRI RE 1 T R TR 977

A H AR HFEN— B8 Z HER
15 QK™ o N RE B R AE 3 . (H il T e
i PRI o 2 BG4 P ) R 4 (] e B S Jo M DA K A W R
BETE 22 E] A I 2 R O 2R, e bR S A A8 2 i) A B e
I/ FpRIAT SRR IR R RO Y R AL
il s A B MR I A S e L W LT R
AL R 01 2835 & (Paralytic Shellfish Toxin,
PST) JE 5 M 11 263 & (Diarrhetic Shellfish Toxin,
DST) . #ff 8 ¥ U 2 # & (Neurotoxic Shellfish
Toxin, NST) 2k {21 1 257 % (Amnesic Shellfish
Toxin, AST)HIPY /i1 # % (Ciguatera Fish Toxin,
CET) &5, 6 PR U A2 00 g 7K Rt 7= i vp © K 1R B0
FhE R L HEDY A 20 ZREMA S, — D%
)t 1987 4F R ATE NN R RACHE N KR
RS, TR A ORI (5 R R A
FOMIRPEFEIG I, —HZ A BT,
Hhoid X 20 AF G E AT 4020 LA B I L 3 )
SHACTI R A AR R R
FIRE TG M D2 B 3 7E 2 BRI i 40 A )z ™ 5 b
eI 7N ARSI NI NS S NS~ EI L7/ L= L o o
[ 1990 4F F 2019 4F U5 i W 0 A0 i R ST Bk
EREMEN KGR PST P HFH AR EW L,
HE A 6 A IEIEIE PST B 97 508 1416 35, Jf
TE B 2 HL 3k N JE i & B 77 A PST 1 7 ¥ i
Pyrodinium bahamense ; R et D258 & AST
HEERTE R E I I 2 R R TR

ARG BR 3 [ 52 3 [ 965 1 9 2 3R I 90 e A0 g
T 9 R 2 Y A o ISR T T K PR B G G v
i 7% DX Y R R A R g W,
2020 4F 3 A 2 11 H 75 3 B AL 7 3 4 2 0 v N
B 641 A WRMEA T, IIKEEER PST 78 241
ABE A RS T b T A XURS B . B
2021 4F 1 2022 4F 5 H L 78 Z 5L By B T OO A
KL VIR TERAEWE K At e = MR BE 36 244 pg STX
equivalent L' 7EFIr A Wae DUFEAR TTRRY) | K HoAth
VIR 3 KRB A KM AY S A, B
(Azuma pecten farreri) FA 8 (Anadara kagoshimensis)
IEIEE 3 S8 /- 4 T DO e S ik 3
BERE RIS YR K7 i R DR o #E B AET A )
SR H AT TR AR R ST DR R Y IR A
BT 2016 £E KA 1 K7™ b R oS Bl B 28 A I 7 125 1Y
B % A B K bR JF R 2004 4F FAO/
WHO/TOC & FILPRICAF 5. 9 T35 %K 2 Hhprgi]-L
T 35 B 2R A B A O T 7 o DL 2R R AR AU

PEATPRAET . AT R A F RS
AR (e 5 A5 ) ) AL R B N R T 2 TR
] 2R I 9 A P = KR =2 — 81 A0 R R R
FEAET: 10 ALL B BRI T AR 1000 ~F- 05 24 HL LI
AR 5000 LA LA FE AR,

SV RIRIR AR SR K BE T R RS AR R
HR MR E R BT S v TS A A R
W R R R A ERTOK AR SRR R
AT ™ Sl R A K 2 4 i ), B T AR A 44
X o € 5 7 & Microcystin-LR ¥ B 1% € B{E 41T -
AR AR IR KA 8 T 1 pg/ L 3 2012 4%
AR 8 A2 5 RO OK T AR AR o vh o B T i B R i
AT T 1 g/ L 1000 87 3R R B H T ME — Y 3
B R K SR

g5 b Ry v IR A A R T R AR AN PR
LI 68 7 22 J7 1D 04 J% a6, B G b TR 1] ] K oK LTI ]
N B i i B, AR SCEEIL, FORT LR A Ja A7 3 B AR K
T R e (& 4, 7] % JECRE I VE 9 R R LA LK
i WD AT: 55 i FE 1 7, AR R LA Zoh B S5 1 1Y
TG I el D o N AR A B 1Y e 5 R K 7 R BE
Bk .

2 EEAEREEMMAXERFEZNZ
I ELAR

2.1 XEHFE@

BT b3 T I A AN PR R I S 3 BRI BE ) Y
Jry RS AR 27 B AR A BR A T3 i A AR
TR 0 A e . TR A R AN B A AT
AERNAR R L O B ¥ 1A [R5 AR
AN [] 25 ) D DA Ao R G 72 Ak e 34, A7 ik 2 o] 2% DL T AR
g e SN SO TRy T TS ¥ T e
1) P AR 2 ] A,

(1) FEA: A BF 507 T, ¥ 7 388 R ™ A 10 40 L
PN A= 3K Sl BIL i BIF 5 R L 25 A 2 R R TR R S A
BE R AEAE Y 22 7 P B A5G 35t 4% 18 42 AL 3 A 0 B
= [V, 76 16 3 % A6 RN R Ak L 4 i R 4% 1R 3K 3
R TS Y A\ SRR B S B R AR T A R
B R/ 2 hE R B P v Ak 8y AT RE MR

(2) TEA2ET7 I B BAT 3l o 8 oK =
sl Q01 DT 28 T A R £ S A WA (] 9 9 R K
T VE AR W AR WO A7 A L R i AR Y B ) 2 e B 3
M R RS D e 8k LA
& 8 R BRI,



978 s F

¥R 4 2024 4F

) R L TEA FREER AR AN
RS, R A — D R BR B e A R A 4R R R
Jg S BCHIA T 2 A R A W R AR B TR Y B TR A
FHBLH A 45 8 77 0 20 4 4 55 1R BEOG IR EAE 55 L A
T DX A T 3 e PN 7 Hi 114 46 I 28 TR i Ao 44
PR SRR EZE . AR N TR S
B CRR IRBE R AR BE KA IR B 00 9 VPR IR SR
=S8 H VBRI M E R AN 5
BRJE /R AR ZAEE L B R LA H
TS TV A ) B HG Al Bl A ) AR R L 1 R Bl
N Raa sty DR

() FEFREEBF 2% J7 . % T 4 BRAZ AL B o B
AR SCER MR A TR A T e R v R T
FIA) 5 T B i 2 T J Il 5 R R CRUBE A A 28]
Ui HB RN MR AR I H OB AT IE o AT R R
TA] AL B I FIURL ) kb T T E1 IR K CHE T AT 38 O R
MERY ] 8, 7E I R A b, X AT TS e W) AT AL
(EEC
2.2 BLBRERESR

Ry 1 AR G B R 2 ] A, B R K AR R
L Vg 1 TR 5K A 7 A O 5 9304 1) 3k — R Rk 2
Bl 4o e B, AR g — T2 4 Ak 2R B A2 R
WL 5 50 H 09 3 5 2 7 26k A A T T A R Y
HETRE (& 4, Pt A b B R ) Kk A5 BBk AN
BOAR Ty Al P& 921 1) A ) AR SRR T e o
548 ] A1 ] 8 R R oK LT 1) N R A i il e . fR B Y
TV A 25 R0 M 2 AR A L O A R RN
T S PR O e DL B R A AR BB &
B %k He g 25 A8 A HE AT 7 8 W 0 2 g 2 L HLJR 2
AR/ BRI W A o AR R S R (X A R R G
4 52 W) %o DK B VAR A 0 1) 5 ) B %o N IS i R )
Wi o ATAE R I ¥ bR AR R UR AR T AL L
BRI, IR E B W2 T TR L AN I
o 112 3l 2H BG4 T 3 B B8 A0 R L (EL Sz AR ) A
e ry I RE I TS SR 55 . I8 2023 AF LRSI AR
A R R TR BRROIR DO A 40, 2ERE 1359 At
Jot e R R HE AT 7K BRI AR 19 S IXKHET R T
M Z AR

55 SR G b A T 1 B S5 W AN ] UL
Do ) i B A B 0 IR 55 T AR AR ) B
SRS B AR Bhr (B 1 FE 4, EEARPEE
R, £ E R T A E G A RS UL S
Integrated Ocean Observing System(I00S) T %
W F R BE B Alliance for Coastal Technologies

(ACT) , ACT 3l i WAl BLAT B 0F & ALt 2 v iy 7k
AL % 2 FIAL J% 25 - 65 78 1T ¥ LI 79 1 1T L A2 2 T
AR A R . TR A AR 0L T
P ) A T 445 AR AL A W R 2 AN ]
PRI o L0005 80 41 09§94 S A7 2 Sy ] 5 9 P A 5
AT R PR R S DA A A 0 A ok Y
TR, WA 2014 4, 2B EMIRKRGESH
FWARMOC I & TR FAE A 100 {2 £ T,
WM, A AR UL I R SRR AR G 0 M (L AT AR 22 0
PR 1% BF 1 42 3 Te it aT b4 % i i =
Fpt0 5 2 S JRORE AN R R T B I 5 D UL
B, BT K e oy 1 B, LT T 2 88 o0 A
BEARTCH WUEHH AL O HAR (B D,

(1) T 3 JR S 38 5 ol s UL 0 280 4 R JEE
2 U5 I s i

2215 TR T R M L ST R i O3 B BOR R R
M, 35 N TR BE AL IR S 2 ) 55 S HEHOR
(1 30 25 B T TV P R B AL AR AR L A T
fiff AT 7 A ) T T B A8 TR S R B R P i A
AR IUE AU AR TR B R Y
2 Cn 22 E i K J7 PACE TR R [E EnMAP T
B b it B AR A GG R A% A4S (Hyper-
Spectral Imaging, HSD iR 5l A [7] 2% 7Y 5 Ui 48 4 19 7
1. TR o TP e 2 R VRIS B 2 Z Fh R B I R R
e L8 A YV 2 O PR R 5 AR 2 LI A B S )
BT B . PR UL, R AT R 1 R R 5 il
TS 9 R B2 il R 22 U RS AT e s L B, X
N T RAE 53 A B 1 A 7K e M 00 45 B AR At v G E
R 55 8D T 2k K 5T M R i o A SRS BE IR
B B TR 1 R T K BT RN IR AR B L
el ) S5 HEAT I 25 A A R I 2 43 R RN B
8 I3 52 7K ST 5 4l 7 i AR R K BT el R A AR ) A5 4
KL .

(2) JEUR WL A% B 5 3l R AE 2 BT B

A RAGE A2 5 L B i VR VE ST AR &R Gt 7
DE B ECHE B BE ) 8 A T JRUAL WL A% B s 5 A gl R i
3R R R FE D . TR B 0 A% SR e SR
AL R 1 B BR B 2 b 4 ) 0 1 3 F
DG A 22 061 19 5 6 AR L BE TG BT B kL BE 9 A A
ST U R W) A ) R T D S RS D B R A 3 TR T K Bt
Br. AW g R AR B AR Y — I Al A (H 5 bR
SICHEA FEA T Pk A, ot 18
E BBE Moldaenk 2\ ] ¢ il #f &% #Y PhycoProbe™
22 30 38 % G T AT 3 2k ) R AR AR N B R LU IX g3

i

op

il

=l



$38% Hoe

FRHEAE TG AR 75 B0 v I A5 43 MO 5N T BRI RE 1 T R TR 979

TR RN, [ AL AR P £ A i R O e
S & (Optical Plankton Discriminator, OPD) Fll1#5
e S Ab B 28 (Environmental Sample Processor,
ESP) KOG 2% Ak 2= oy 7 A W) o4 O ¥R 51 A TR B
A BN, ESP I6 Ho 4% 1 O 5 28 55 56 % 2 A
JE AL R AR AR AR B IR, B TS UR
AL L8 1 B E i S o i i 4 TR & W
KE A KR W R, & A4 A Flud
Imaging Technologies Inc. 23 & i & B FlowCAM #l
McLane Research Laboratories Inc. 2\ F #f % B9 IFCB
BAG it A BE AN —E AT R T A T AR A DA
8 2 40 L ASC A 20 i 53 A UL AR 2R SR 3R AR DG
SRFAE RN GG AR AR 20 G R R B, R #5 4 1
RS HEAL R /R AR AS W B T T B WOk B 2
DT W A E AR, W KR A 3 AT A
(Autonomous Underwater Vehicle, AUV) #1Jc A
/K E B s AT % (Autonomous Surface Vehicle,
ASV)AE , DUAR o Bt i i 23 73 R

H 3R R AL 4 B B H ET A B ) SRR
JK % 18 WF 5% B (Monterey Bay Aquarium Research
Institute) FF & 19 55 = AR AL A AL HL 8 ESP /] Il —
BE. o =X ESP 7 BF AN ] nT A B L BR T IR
SEFNALFKAE 38 T DL o 1358 DNA AL 53 A . A
AT T A AR T R AR U0 348 AT 35 A5 i 44
HAUBAE W A5 B LD b s AL (n e 7 20 iy
JE AT 2 I R A R . AN IR AL i i 2 S
0BT S PR I AR R PR B8 DNA (eDNA) %45
XA W) Z2 REVEITAL AT AR A R U b A 2 Al
SR A T R HT . P4, Wang %Y R A
16SrRNA K [H] /&1 38 55l J¥ 2 AR Fil gPCR Al 46 AR
X PEEAR ) B AP R R AR A S B T IR, M2
BACHR B o3 A o TR A A IE SRR S A E
PRSI WL BE 5 (H P A 0 g5 il B 38 B R ARK
AN IREFATI IR T B — 0 1Y AR A b AR AL A
PEREAH S A 00T 78 AR A3 FH A 2 1) HOAS ~F- £

(3) A RO AL A B

TEVBETI IR IR 53 W I I 26 Bsf, 45 B0 10 3 4K
1% S 28 0 A LG . VKBTI AR B A
ISR AT A A R R W) R A P LA S
B AR T B BT . I AR A B AT 3 Y
TR R (R B DR A 10 2% 08 W 2 3l AT 3 Y 0
KRB B H RN

(4) L A AY 5 ) FRASEAY 1Y) AN Rl A

W A% 1 ST P v B ML 2 ST SRS g AT i R A

(18 2o AR AR TR 45 5 1 Rl R 1 A L S O R i qE
1925 08, TR TR B I, W] 2 R TR G VT
Fh2E 5 SUMR A LAl b, b EE R AR S H T AR @
JEAG AR 1 TR 2 2] B 3l 3 2 2] 22 RO RRAIE , 32
T ML A 2 2 R A 5 M AN AR RE T e RSB R
B I B FH S 56T IR 2 2] (A R K B DL
i, 2 ) X000 250 A, 3 sk 22 UL Bt il v 1
PRUERE AR (UL BRS04 A A B 4 ) 100 0 A
TR (8 A A A R R M L O T S I AR A 3R R T i
FEER A F B AR 55 b W R gE . 76K TR 4y
AT 5 00 o ML 27 >0 B TR S R A R A L 4 A 7K TR 118 7K
JOORE o T B 0 R K 5 A AR R Y B i g B
B X S A R AL L R E K TR 10 KRR T AR 45 SR A1
2 H A A A A R KR A R S B AR A A 1R
) =AW . e, 22 0 d X0 VAR ROMS
5 i 1 A 37 3 b 3 K - b R K Bl 0 AR R A 45 A O R
BRI A T AR IR DR R s A A BRAT N A R AR
TRACBE R B AN LA

3 BBEEREREMRANEENZTXE
REE R KB BR

HY T 45 T v AR S PR BE Y O TR RUAS[R] R O T
H W 5E B A AT M, AR A R 9], 06 T bR 3
P AR 2SR 22 R B8 Tl 119 52 42 3K 8 102 YV TR A B2 i 1Y
R RS I AR S A T R A A A TR 0 R TR
A HEE S 90 45 2 5 R 1% SR A0 1 B T B (Acanthaster
cf . solaris) By % KA 2, R T PR 2 /G
B DR A HE R 3R 0T 1A A S B I T A
T T 3 DR S B AR 25 S 1R R AT M D TR L o A
S DB AT A A R R R A R L S S I AR R
SR O SR K P A ) S R A L PR T I A
SCAL S GG T A7 B AR TR A R R B AR AR .

(1) 2030 44 0]« % 4 W 5 A 8 B 4R WL 5 10
2 o0 iy B I A8 AT 8 R T A HOR A 08 ) A%
OEARPEATHOE, W N RE fr il B, 78 A B 1R
7 e AR DX 38 BOER AN A R0l a5 TT S A 5 A
Folr | 9 R 2 A5 UL U RS Y BF 9, R R e A R AL
HEST A R 22 K R I S S LI R A R
SRR L AL

(2) 2035 4F ] . 56 35 [ KA F B4R W 5 1
1 o0 ity A AL o 4 T A T 0T U A S B R R N S ) B
SN AL LI 1 4% O R BE Ty AL A F RS
AR A B A T 0 28 % 40 2K AT B R T T il 0
A G A 4 R AIRAT AR R



980 wooE R o 2024 4F
(3) 2040 ﬁﬁﬁﬂ;ﬁ . ’\;;jﬂlﬁ‘ %ﬁ ﬁﬁ%%%‘{ﬁ}ﬁ% [4] Halpern BS, Longo C, Hardy D, et al. An index to assess
he health a fits of the global ocean. . 2012,
Tﬁ@ﬂﬁf?&ﬁﬁjk%ﬂcﬂli% %}Eﬁfi,u%ﬁ?ﬁ?ﬁﬂ the health and benefits of the global ocean. Nature, 20
488(7413): 615—620.
5w ‘ . ,
[5] Anderson DM, Cembella AD. Hallegraeff GM. Progress in
j‘j ”ﬁ @ﬁéﬁl'ﬁkﬁ _j{ a:jz‘ IET*Z] E“'tn H%T'Eljj T understanding harmful algal blooms: paradigm shifts and
%32 JE A % ‘%’ ;j\: ;[82] 'fEI m @ ST Iﬂ—-:l BT L2 ﬁ *)j new technologies for  research,  monitoring, and
E:‘: R @*ﬁj{}ﬂ:fﬁ . /—:‘L% /f_g é&ﬂ% , L ﬁgy%)fﬁ A éﬁ\ SENel] management. Annual Review of Marine Science, 2012, 4.
RO BRI R, %5 T AT 5 A ) Y 4 BR AT K L.
. Berdalet E, Banas N. Bres E. et al. Global harmful algal
%’ﬂﬁXJb{)ﬂlj hj}ﬁ?&n %j}ﬂ?ﬁﬁ(%}é’;%ﬂ{ ,L“/\g il:‘ 1‘& [6] erdalet anas N, Bresnan et al. Global harmful alga

l:j }% /ﬂg " J e iz ﬁ‘ 2 5 3 % blooms science and implementation plan. Delaware and
Z 5 ] B 8 48 S D R0 1008 7 & (AN R R
= ~ = Paris: SCOR and 10C, 2017.

'ﬁ: 125K E,:J ﬁﬁ{& :.FE E:F HAEDAT), f][l G Bfié’ﬁz ’ iﬂ [7] Anderson CR, Siegel DA, Brzezinski MA, et al. Controls on
P A BRA E AR N G TR EE S8 W A B otk . temporal patterns in phytoplankton community structure in
the Santa Barbara Channel, California. Journal of
4 & B . . . .
Za Ta Geophysical Research: Oceans, 2008, 113(C4) . C04038.
[8] Glibert PM. Eutrophication,  harmful algae  and
AR SCHE 225 W T T A AR LI 5 T W R T
biodiversity—Challenging paradigms in a world of complex
ﬁégi [135[ Eljig 7%*}[* E m j\ N /EE 1}%% Z,K I%‘E 'LH nutrient changes. Marine Pollution Bulletin, 2017, 124(2) .
TEA T WA B s R AF AR T N g Je 5800 iF 5% 7 591606,
RN RAEREW, FHi, FOEHRARKAEEREEN Lol A&z, v [ LTV SO 8 R e LA, Lt PR L R
W BRI — AP BRI K KRB A ]“*i“o- 1
. . . 10] Cl JS, C t SR, Barb M., et al. Ecological
BB A R 5 A TR A S A Lo R e S e
forecasts: an emerging imperative. Science, 2001, 293
Bl R A 43 BT 24 B A5 R R BOR T T A 22 B, U AT RK i (5530) » 657—660.

4]} ﬂ*“’fli?&i’ @f’é*"‘"‘ %Hﬂﬁ$+M/\Km$AEﬁ [11] MacCracken M. Prediction versus projection—forecast
f,l,%lﬁ‘lﬂ s ]?%/j-‘ﬁ%{gﬁ T($$1£F 3] 7/{ = [Il ﬁjE versus possibility. WeatherZine, 2001, 26 3—4.
E@ggzj]m%uq Mg Ej]@l)(j‘] ., Hﬂxﬂﬂ”"iﬁ [12] Houlahan JE, McKinney ST, Anderson TM, et al. The
,ﬁ% ﬁ&@%%*ﬂ {n@i& X ﬁL}(A’ﬁz @ /ﬁﬁ priority of prediction in ecological understanding. Oikos,

s —J{Z [=] [=] . 7] =
2017, 126(1): 1—
A ﬂl Ly — s N geya A SE
AR I:jﬁiﬂil_‘l %Q’Tx1$+%éguiﬁ% [13] Dietze M C. Ecological Forecasting. Princeton: Princeton

—PJE{EXJIU{EU N ﬁjﬁi I%E % N *5-: ﬂ *ﬁ *u *ﬁ % E"J XX PI Ii% University Press, 2017.

Mﬁl’ﬁi%ﬂﬁ,ﬁ Iﬁ H ;/‘5‘}%‘ =, EH liil BZR%'VE%B% % ’ @ [14] Dietze MC, Fox A, Beck-Johnson LM, et al. Iterative near-
ALH%:{%'% KXJL{D‘“J lﬁ}ﬁ%ﬁﬁ%ﬁf‘{iﬁ”}%ﬁ{/ﬁ*ﬂﬁﬂ 3 term ecological forecasting: Needs, opportunities, and
challenges. Proceedings of the National Academy of Sciences
ﬁ QT Y - ‘? i of the United States of America, 2018, 115 (7):
W e Z w4 KW
1424—1432.
5 9 *
kot = %u’&&«*ﬂfiﬁﬁrﬁf&/ &%4%’( [15] Thomas RQ. Boettiger C» Carey CC. et al. The NEON
%}%E\#E 24, 8 ﬁ*l' X ¥ &5k o 7")1‘ A iR /E: i }52‘ -4 ecological forecasting challenge. Frontiers in Ecology and the
;};}%_ﬂ.% @ ﬁhg?ff‘\? ,H{/—w E]J Eﬂ‘imiﬁiﬁk %%ﬁ Environment, 2023, 21(3): 112—113.

B K S /ttﬂib" ff_ﬁ‘l% [16] Seltenrich N. Keeping Tabs on HABs: new tools for
’ ‘ detecting, monitoring, and preventing harmful algal
%5 % 1 ﬁj}( blooms. Environmental Health Perspectives, 2014, 122(8) .

A206—A213.

[1] Bi KF. Xie LX, Zhang HH, et al. Accurate medium-range [17] Forecast Predicts Occurrence of Pathogenic Vibrio Bacteria
global weather forecasting with 3D neural networks. in Chesapeake Bay Waters. (2023-06-14)/[ 2024-10-30 ].
Nature, 2023, 619(7970): 533—538. https://coastalscience. noaa. gov/news/forecast-predicts-

[2] Lam R, Sanchez-Gonzalez A, Willson M, et al. Learning occurrence-of-pathogenic-vibrio-bacteria-in-chesapeake-bay-
skillful medium-range global weather forecasting. Science, waters/.

2023, 382(6677): 1416—1421. [18] Margo Schulze-Haugen. NOAA’s ecological forecasting.

[3] Vance TC, Huang T, Butler KA. Big data in Earth science:
Emerging practice and promise. Science, 2024, 383(6688) .
eadh9607.

[2024-10-30]. https://cdn. coastalscience. noaa. gov/page-
attachments/Forecast/ NOAA-Ecoforecasting-One-Pager-

2023. pdf.



38k ol ARG+ T A 2 PR B v 1 25 43 BRI 5 N AR R R B 4 A e A T 981

[19] FAML, BMIE, SFWE, 5. EEGA FEEU R IR [36] LiD, Gan JP, Lu ZM, et al. Hypoxia formation triggered
SR8, W5, 2020, 51(4); 768—788. by the organic matter from subsurface chlorophyll maximum

[20] Fogg GE. Harmful algae—a perspective. Harmful Algae., in a large estuary-shelf system. Water Research, 2023, 240
2002, 1(1): 1—A4. 120063.

[21] Wells ML, Karlson B, Wulff A, et al. Future HAB science: [37] WhHadl. B2, Wi, 4. oo 2 5 A 25 0 9 o8
Directions and challenges in a changing climate. Harmful FIKREIBFSE. W22, 2009, 31(5): 156—161.

Algae, 2020, 91: 101632, (387 FIEJr. G, FIEHE, . UL FI M 60 00 L8R 6 55

[22] Anderson CR, Kudela RM, Kahru M, et al. Initial skill XL WEREREHE . 2000, 22(4) . 125129,
assessment of the California Harmful Algae Risk Mapping [397 He XY, Shi SX, Geng XL, et al, Spatial-temporal attention
(CﬁHARM{SyS‘tcm' HarAr?qful Algé?’ 2016 59: 17%8' . network for multistep-ahead forecasting of chlorophyll.

(23] BRAF, BT, LXA, & P EHFEHEIH——RPE Applied Intelligence. 2021, 51(7); 4381—4393.

#E P (Phaeocystis globosa). B KF# M (A ARl % 5 R
W) 1999, 20(3): 124129, [40] Liu ZX, Wang ZJ], Zhao BR. et al. Teleconnection between

(247 Guan WB. Bao M. Lou XL, et al. Monitoring, modeling coastal phytoplankton blooms phenomenon in western North
and projection of harmful algal blooms in China. Harmful Pacific and el Nino-southern oscillation by time-frequency
Algac, 2022, 111: 102164, analysis. Journal of Geophysical Research: Oceans, 2024,

[25] Hu P, Liu YH, Hou YJ, et al. An early forecasting method 12001 10. 1029/2023] COZ0856. .
for the drift path of green tides: a case study in the Yellow O] ARl 25T s S AR ORI SR B
Sea, China. International Journal of Applied Earth g DAA A O 0. B, 2021, 38(2) ¢ 6979,
Observation and Geoinformation, 2018, 71: 121—131. [42] GuoJH. Dong YH. Lee JHW. A real time data driven algal

[26] Guo HD. Big earth data in support of the sustainable bloom risk forecast system for mariculture management.
development goals (2022)—the Belt and Road. China: Marine Pollution Bulletin, 2020, 161: 111731.

Chinese Academy of Sciences, 2022. [43] Liu YG, Weisberg RH, Zheng LY, et al. Short-term

[27] Dai YH, Yang SB, Zhao D, et al. Coastal phytoplankton forecast of Karenia brevis trajectory on the West Florida
blooms expand and intensify in the 21st century. Nature, Shelf. Deep Sea Research Part II: Topical Studies in
2023, 615(7951): 280—284. Oceanography, 2023, 212. 105335,

[28] Capotondi A, Jacox M, Bowler C, et al. Observational [44] Gao LL, Li DL. A review of hydrological/water-quality
needs supporting marine ecosystems modeling and models. Frontiers of Agricultural Science and Engineering.,
forecasting: from the global ocean to regional and coastal 2014, 1(4) . 267.
systems. Frontiers in Marine Science, 2019, 6: 623. [45] Roelvink J, Banning GV. Design and development of

[29] Ralston DK, Moore SK. Modeling harmful algal blooms in a DELFT3D and application to coastal morphodynamics.
changing climate. Harmful Algae, 2020, 91. 101729. Oceanographic Literature Review, 1995, 11; 925.

[30] Lin ZH, Zhan P, Li JP, et al. Physical drivers of Noctiluca [46] Wu GZ. Xu ZX. Prediction of algal blooming using EFDC
scintillans (Dinophyceae) blooms outbreak in the northern model; Case study in the Daoxiang Lake. Ecological
Taiwan Strait: a numerical study. Harmful Algae, 2024, Modelling. 2011, 222(6); 12451252,

133: 102586, [47] Wool T, Ambrose RB Jr, Martin JL, et al. WASP 8. the

[31] Zhou FC, Ge JZ. Liu DY. et al. The lagrangian-based o ) i
Hoating macroalgal growth and drift model (FMGDM v, ncxtA generation in the 50-year evolution of USEPA’s water
0): application to the Yellow Sea green tide. Geoscientific quality model. Water, 2020, 12(5) 1398,

Model Development, 2021, 14(10); 60496070, [48] Chen QW, Wu WQ. Blanckaert K, et al. Optimization of

[32] He XY. Shi SX. Geng XL, et al. Hierarchical attention- water quality monitoring network in a large river by
based context-aware network for red tide forecasting. combining measurements. a numerical model and matter-
Applied Soft Computing, 2022, 127: 109337. element analyses. Journal of Environmental Management,

[33] Wong KTM. Lee JHW. Harrison PJ. Forecasting of 2012, 110+ 1167124
environmental risk maps of coastal algal blooms. Harmful [49] Pérez CJ. Vega-Rodriguez MA. Reder K. et al. A Multi-
Algae, 2009, 8(3); 407420, Objective Artificial Bee Colony-based optimization approach

[34] Li D. Gan JP, Hui R. et al. Vortex and biogeochemical to design water quality monitoring networks in river basins.
dynamics for the hypoxia formation within the coastal transition Journal of Cleaner Production, 2017, 166: 579—589.
zone off the Pearl River Estuary. Journal of Geophysical [50] Tiyasha, Tung TM, Yaseen ZM. A survey on river water
Research: Oceans, 2020, 125(8): e2020JC016178. quality modelling using artificial intelligence models: 2000-

[35] Li D, Gan JP, Hui C, et al. Spatiotemporal development 2020. Journal of Hydrology, 2020, 585: 124670.
and dissipation of hypoxia induced by variable wind-driven [51] Zhi W. Feng DP, Tsai WP, et al. From hydrometeorology

shelf circulation off the Pearl River Estuary: observational
and modeling studies. Journal of Geophysical Research:

Oceans, 2021, 126(2): e2020JC016700.

to river water quality: can a deep learning model predict
dissolved oxygen at the continental scale? Environmental

Science &. Technology, 2021, 55(4); 2357—2368.



982 BoE R % K 4 2024 4F
[52] Liang ZY, Zou R, Chen X, et al. Simulate the forecast [66] Lefebvre KA, Quakenbush L, Frame E, et al. Prevalence of

[54]

[55]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

capacity of a complicated water quality model using the long
short-term memory approach. Journal of Hydrology, 2020,
581: 124432,

Xiong R, Zheng Y, Chen NW, et al. Predicting dynamic riverine
nitrogen export in unmonitored watersheds: leveraging insights
of Al from datarich regions. Environmental Science &
Technology ,» 2022, 56(14): 10530—10542.

Xiong Y, Luo JN, Liu X, et al.
optimal of
network. Environmental Research, 2022, 211.: 113022.

Shaw AR, Sawyer HS, LeBoeuf EJ, et al.

Machine learning-based

design groundwater pollution monitoring
Hydropower
optimization using artificial neural network surrogate models
of a high-fidelity hydrodynamics and water quality model.
Water Resources Research, 2017, 53(11): 9444—9461.
Isles PD, Pomati F. An operational framework for defining
and forecasting phytoplankton blooms. Frontiers in Ecology
and the Environment, 2021, 19(8): 443—450.

Li JP, Chen T, Yang ZY, et al. Development of a buoy-
borne underwater imaging system for In situ mesoplankton
IEEE Journal of Oceanic
110.

SA,

monitoring of coastal waters.
Engineering, 2022, 47(1): 88
Sun CJ, Hobday AJ. Condie et al. Ecological
forecasting and operational information systems support
sustainable ocean management. Forecasting, 2022, 4 (4).
1051—1079.

Marjani M, Nasaruddin F, Gani A, et al. Big IoT data
analytics: architecture, opportunities, and open research
challenges. IEEE Access, 2017, 5: 5247—5261.

Josh Blumenfeld. Applying Machine Learning to Harmful
Algal Blooms. (2024-02-13)/[2024-10-30]. https://www.
earthdata. nasa. gov/news/blog/applying-machine-learning-
harmful-algal-blooms.

Ho JC, Michalak AM. Challenges in tracking harmful algal
blooms: a synthesis of evidence from Lake Erie. Journal of
Great Lakes Research, 2015, 41(2): 317—325.

Geetha S, Gouthami S. Internet of Things enabled real time
water quality monitoring system. Smart Water, 2017, 2
(D 1.

Stauffer BA, Bowers HA, Buckley E, et al. Considerations
in harmful algal bloom research and monitoring: perspectives
from a consensus-building workshop and technology testing.
Frontiers in Marine Science, 2019, 6. 399.

Qian J, Qian L, Pu N, et al. An intelligent early warning
system for harmful algal blooms: harnessing the power of

&.

big data and deep learning. Environmental Science

Technology, 2024, 58(35): 15607—15618.

Bates SS, Bird CJ, de Freitas ASW, et al. Pennate diatom
Nitzschia pungens as the primary source of domoic acid, a
toxin in shellfish from eastern prince Edward island,
Canada. Canadian Journal of Fisheries and Aquatic Sciences,

1989, 46(7): 1203—1215.

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

algal toxins in Alaskan marine mammals foraging in a
changing Arctic and subarctic environment., Harmful Algae,
2016, 55: 13—24.

Anderson DM, Fensin E, Gobler CJ, et al. Marine harmful
algal blooms (HABs) in the United States: History, current
status and future trends. Harmful Algae, 2021, 102.
101975.

PRENE, RPHIE. A5, 46, MWK IR b 3 R AR
R B op A WF 56 0 ReL W TR RL S OE REL 2019, 37 (3D
3556—373.

Zheng GC, Xu XZ, Wu HY, et al. Contamination status
and risk assessment of paralytic shellfish toxins in shellfish
along the coastal areas of China. Marine Drugs, 2024, 22
(2): 64.

Cao YD, Qiu JB, Li AF, et al. Occurrence and spatial
distribution of paralytic shellfish toxins in seawater and
marine organisms in the coastal waters of Qinhuangdao,
China. Chemosphere, 2023, 315: 137746.

rhAe N RS B K AR AR A o KR 2
W IR .

B E RN P RN R FERME. GB
5009.198—2016, 2016.
PAEANRKMERZBARMTUATZASEREMEY
MBI, B A bR DL R M D 2 R
R ZE. GB 5009. 212—2016, 2016.
rhAe N RS K AR AR A S KA 2
W EREJR. &% A E K AR T RRR I KR
R ZE. GB 5009. 2132016, 2016.

PAEANRLMERRZ BAMTNATZRACERZE MM
WA R R B 2 A T G b K R IR 2R R A I
. GB5009.206—2016, 2016.

A N RS E E K B4 E E RS B R
WEBHE FLR R . B4 A [ SR DL b e M DL R
B ZE. GB 5009. 261—2016, 2016.

=]
"

ES

HREKH PO ERAE. DU R 2 R e D e 7 R
BN SE A (T — W/ W v bt 1 5 D A

o9 B R . 2015,

Andersen P, Baden D, Botana LLM. Report of the Joint
FAO/IOC/WHO ad hoc Expert Consultation on Biotoxins in
Bivalve Molluscs. Norway: FAO/IOC/WHO, 2004,
Gobler CJ, Burkholder JM, Davis TW, et al. The dual role
of nitrogen supply in controlling the growth and toxicity of
cyanobacterial blooms. Harmful Algae, 2016, 54. 87—97.
Harke MJ, Steffen MM, Gobler CJ, et al. A review of the
global ecology, genomics, and biogeography of the toxic
Cyanobacterium s Microcystis spp. Harmful Algae, 2016,
54 4—20.
Bernard S, Kudela R, Velo-Sudrez 1.. Developing global
capabilities for the observation and predication of harmful

algal blooms. Environmental Science, 2014 46—52.



538 % 45 6l FBAA S . VT A AS TR T I 2 A MR 5 A T TR R 10 A T AR T 983

[81] Wang JL. Wang YH, Lai JX, et al. Improvement and imagery. IEEE Journal of Selected Topics in Applied Earth
application of qPCR assay revealed new insight on early Observations and Remote Sensing, 2022, 15: 2782—
warning of Phaeocystis globosa bloom. Water Research, 2796.

2023, 229 119439, [83] Wi, TJL. XIPRAE, S5 NI PR RLEE 2 AR OR b 4fi

[82] Gao L, Li XF, Kong FZ, et al. AlgaeNet: a deep-learning SRR R A AR A dh . h B 4, 2023, 37(2):
framework to detect floating green algae from optical and SAR 267—275.
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Abstract The coastal ecosystem health has seen persistent decline due to stress exerted by global climate
change and intense human influence. especially concerning is the frequent occurrence of harmful algal
blooms (HAB) that may have dire human health consequences. Building on more than two decades of
research into medium- and long-term projections of marine ecosystem responses to changes in
environmental forcings such as climate change, ocean warming and acidification, extreme weather events,
pollution and habitat destruction, efforts on near-term ecological forecasting are accelerating, enhancing the
ability in near-real-time or real-time early warning of ecological disasters and forecasting of critical
environmental or ecological parameters in aquatic systems across the land-ocean continuum. A synoptic
analysis of recent HAB research in coastal water and the freshwater systems revealed that ecological
forecasting faces two main challenges: first, the lack of high temporal resolution observation data including
that of the causative harmful algal species; second, the limited spatial coverage of the data including most
of the biological and even non-biological parameters. Therefore, there is an urgent need to develop remote
sensing and in situ observation methods, automatic sampling and analyzing device, and to incorporate
advanced biotechnology such as image based flow cytometer and omics tools including eDNA, data
assimilation and spatio-temporal reconstruction of multi-sourced data, and artificial intelligence models. In
our view, technology advances are necessary for answering HAB related scientific questions, for example,
the mechanisms driving the occurrence, extent, intensity, and timing of the HAB. Due to severe human
and mammalian health impact of HAB toxins, it is recommended that funding agencies prioritize research
on human and ecosystem health effects of the HAB. It is also recommended that the newly formed NSFC
Division of Interdisciplinary Sciences seeks joint support from maritime ministries and local government in
coastal areas to invest in a National Harmful Algal Bloom Observation and Forecasting Network. By
encouraging and supporting international collaboration, we are optimistic that coastal harmful algal bloom

forecasting is within reach in the not too distant future.

Keywords coastal eutrophication; harmful algal bloom; algal toxins; Harmful Algal Bloom Observation

and Forecasting Network; ecological forecasting model
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