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ABSTRACT

Keywords :global warming, Northwest Pacific, sea surface temperature anomalies, marine
heatwaves, eel survival, ENSO

1. Research Background

Over the past four decades, the frequency and duration of marine heatwaves (MHWs) have
increased markedly under global warming. The Northwest Pacific, as a confluence region of
the western boundary currents and the warm pool, exhibits high sensitivity to both long-term
warming trends and interannual climate variability. MHWSs not only alter ocean heat content
and stratification but may also affect the early survival and recruitment of economically
significant species. This study focuses on the Japanese eel (Anguilla japonica), aiming to
evaluate whether variations in marine heatwaves are statistically linked to fluctuations in coastal
glass eel catches.

2. Research Objectives

(1) To systematically identify the spatiotemporal distribution, frequency, intensity, and
duration of marine heatwaves in the Northwest Pacific during 1982-2025, and to summarize
extreme events.

(2) To establish the monthly subsurface thermal anomalies and vertical structures from 0—
205 m.

(3) To quantify the statistical associations between monthly and depth-resolved ocean
temperatures in the spawning region (12—15°N, 140-142°E) during the preceding year and the
annual glass eel catches of four countries (Japan, Korea, Taiwan, and China), with emphasis on
identifying sensitive months and depth layers and examining their overlap with marine
heatwave events.

3. Research Methods and Procedures

For the surface layer, NOAA OISST v2 (daily, 0.25° resolution) was employed, using
1983-2012 as the climatological baseline. A moving 11-day window was applied to estimate
the 90th percentile threshold (T90), with events defined as >5 consecutive days above T90.
Event metrics and annual statistics were computed. For the subsurface, NOAA GODAS
monthly potential temperature (5—205 m) was used, where events were identified when monthly
means exceeded the climatological T90 for at least one consecutive month. Depth-integrated
averages (5—105 m and 5-205 m) were further analyzed. Catch data were compiled for 1990—

2023 from annual reports of the four countries. Catch year was paired with the preceding year’s
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monthly/depth ocean temperatures (lag-1), and Pearson correlation coefficients were computed,

with alignment to the timing of MHWs.

4. Key Findings

(1) Surface MHWs: In the Northwest Pacific warm pool (128—154°E, 5-20°N), MHW
frequency, duration, and intensity all increased significantly during 1982-2025. A scarcity of
events was observed during the “global warming hiatus” (1999-2013), whereas an accelerated
phase of global warming post-2014 corresponded with a marked rise in extreme events. Strong
modulation by ENSO was evident: during La Nifia, enhanced trade winds pile up warm water
westward, raising background SST and facilitating more frequent and longer-lasting MHWs as
SST more easily surpasses the 90th percentile threshold.

(2) Subsurface MHWs: GODAS data revealed that from 1998 onward, subsurface layers
(5-45 m and 55-95 m) experienced increases in the number of event years, intensity, and
persistence. Baseline temperatures in most years exceeded 28 °C, and since 2008, shallow
subsurface heatwaves have occurred almost annually.

(3) Biological overlap: Several years of low glass eel recruitment coincided with
subsurface MHW:s or prolonged subsurface warming, supporting the hypothesis that the “warm
background plus subsurface anomaly” constitutes a risk combination that reduces eel catch.

(4) Bio-physical linkage: Significant and consistent negative correlations were found
between subsurface temperatures in January—May (1-5 months prior to spawning transport) at
depths of ~5—150 m and subsequent glass eel catches. For instance, Japan (r = —0.43) and Korea
(r = —0.46) exhibited robust correlations.

5. Conclusions and Perspectives
The findings demonstrate that under global warming, marine heatwaves in the Northwest
Pacific—both at the surface and subsurface—have shifted from episodic events to a persistent
high-risk phenomenon. In particular, subsurface warming or subsurface marine heatwaves
during the preceding spring (January—May) at 5-150 m depth show stable statistical linkages
with the decline of Japanese and Korean glass eel recruitment, supported by plausible physical—
ecological mechanisms. Looking forward, advancing from correlation toward causality is
essential. Future research should incorporate high-resolution ocean circulation and particle-
tracking simulations to validate the “spawning—drift-recruitment” pathway, and strengthen
fishery time-series analyses with cross-validation from multiple datasets, including ENSO

indices, western boundary current variability, and wind stress forcing.
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WEE A F FRPF A TETRAFEEF FHNEE LEF R T =T
R AET R BERL® > RP REHE > LY RO FRIA SERLE R
REARTT G el A LAY RS FATRAPRIFRI ORI EER G L

SF TSI B LR LA R SR 3 R R
T

ittt ENSO ApMGAz 216 * T XS N RE R4 - FEPY T + T 5%
FORS F TRV ERT AT EFREARNG A RR AL g R
BRAELE L HF O FRPPIAEILREAEHRTE
WEARAFRDHFFF > (SEE S RS T &

RRFREEAEER

2@ &4 - Fa o ENSO 7
e L AR T

¥ Ba
P A @ (Anguilla japonica) 5 & A2 P v a4 > B3 e ¥ o S HBIFE > <8
WE B L L RAT T BAEER AP LS A Y R ERZE RSN

(leptocephalus) » % &8 &% B g A 0 (NEC) » 6 B rie» Lipfsa b > 5k
ﬁﬁéﬁﬁﬁ@iﬁiﬁf%?»%ﬂq g I (glasseel ) » HE LA B P SR E L BB

(elver/yelloweel ) T :& 7 P P £ 5 = 3 {8 2 448 (silvereel) w251 /35 & P % = —
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4 5% (Tsukamoto, 1992 ; Aoyamaetal., 2014 ) B 73 £ F & $i54 47 B > A% P4
SRR E A R e 100160 P 2 fF o AR E R B ¥ (Araietal, 1997;
Cheng & Tzeng, 1996 ; Shinodaetal.,2011 ) @ {F W H - 2 F R 22 P RIRB &2 A
FIEPFRLF AL -

EAY P ABAALTEFRAEAE L HE SR A B HREY RER
2 ERAF P HABLEMGR TN BP0 ERGERS SRET S F KK o
T E K FIEAFH BB AR (P B RP )5 R AR AL F gl
(HERF SR a®) £5ERS P AREHFRTHABR . ¢ 2L FEERT S
¥ 12 endE 2E4 % (Tsukamoto, 1992 5 Aoyamaetal., 2014 ) o Flpt » 3§25 ¥ k3 (¢
FABEXARER) HE 2 REEGEORE U F L 2 R e

RCVERBHET ML I RPE I e R

B 1-3 p A~ (Anguilla japonica )
I S NS N
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%:iéﬁ#ﬁ

¥ - 8 A EERT R
19 Hobday % % eh% & (Hobdayetal.,2016) & H B AT ¥ » 4L B2 2
I FE AR ehj4 ¥ #2 (Marine Heatwaves, MHWs ) 7 3 483 > 7 A3 017 - BEfL 12
AR DTEFR -BBERALFE L T AT R TF 2 2243 R
(anomalously warm ) ~ 4% i 2.¢5 (prolonged ) ~ 347 (discrete) 7% i+ o 5 & » 4%
et Bl AR R P i A (climatology ) & 17 > A 30 & e TRl
o F 1 p B (day-of-year) 5 A#HZE f GHOEHF A 7T 5 & ehk - 3
(4v1 2 19 ~72 15p %) 2pf b2l PRERAF Y KA FPREEPN D

%5 B Eeght| BB ER TSP B2 % 90 F 4 e (90" percentile) o

BEME - P ETEEF pRREERE FLE-SHERRERZE 2T KT
FRORAL > T MRS B A REFRTRFORAEN -

B o B #FfPE £ TR RABFHAAEVFELFRFHFFT 2 0t > 7
FEAi- A MHWE 2 c FIZFETFR afF b REFEFHFEFE 5 2 am R VR
TEHBE S FES adF R ARES X g R F TimE 203 1 B MHW » &
TERLFDF FEETIRL S A NFRAAHEIDI h2k MHW e 29 7 )
4 CkﬂﬁT“i9Opﬂ&uT)wu@$@%@@ﬁ%&nﬁﬁﬁ%,mmm;
RAFE - JR o LRPIT R B E R REPER (R PSR F ARARE) &

ER AT BT K2 ko

:ﬁ?“é

«»v

WA AE > AR F - AR ERARTEL PR T R LB R AR -
MHW % 2 Fivi- B2 HE At FEes Bad 2 280 Pplgke ke > 4
FEAERE Y PP AR OV ER G FRET LY A F RIUTRIE S S R

L Hp “"Ifmer'%ﬁ‘ A AP ETIT R o



EHA T FAXEAFRD A OMERFIEARES X 0 P MR PRE Y
TANIABFFROPEEDPTREF- BREFHMHW E 2 o blder 2547 2 B
TRES RIS AL LHFT 2B FF R RIEFEMETEL- B Y 13X MHW
¥ i (Shot,2cool,6hot) o 4 F # » FR ¥ BETHFIT X S RSP H- x> 2

FLEARAXBEFREFICFREFPAET x> PIERF KT AR Z = MHW

W»

% (5hot, 1cool, 2hot =5 MHW days ) ; % "& 5 % 2hot, 1cool, Shot » ¢ 32> 32 7 {8 £
T L AAMHW F # o

Pt FAIPRIRARES X > GArF AT T B KX F RSB 4 L R X
£ ¥ %% (Shot, 4cool, 6hot) > P& B ¥ R R0 BTk 53 B2 HMHW F &
- BRI A - BEES X TR R RR T R G Y il S e
J%~ﬁﬁ’%ﬁ%?iﬁﬁ%i%&’*%ﬂ@ﬂ%%&@ammﬂéwiﬁsﬁm
Jor FEORLEREFPRAEREE B R L

ek

E® it Ko + > Hobday & A :&- A wit % % %v (hierarchical metrics ) » 12
foif & - B MHW g5 R § 1 o 4~ 5dpihe 2% @ e Y (Duration) ~ #
< 3 & (imax)~ T325% & (imean) & % 5% & (icum) > * ML 7 B 2l A 12
P =t dp R RiE E Se i 5 (ronset) ~ "8 iR 5 (rdecline) 1 % 2 B 45l ( 6l4eid
B OA REARER L)z sdpiRR] At F P Rk M2 3§ i 2 (preconditioning )
b B R B N PR E R AP IR LR RF G B LT

s
B ©°
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A Heatwave Peak date — Temperature
(25 days) ~——_ == Climatological mean
v | === Threshold
sgffé""""'"',___.5“"’?-- | I MHW Category I-1IV
\\\ Heat sp|ke
End date

Peak intensity

Temperature

Duration

Time
B 2-1 74 F#0 2 5%

B & & /& :marine heatwave tracker

o8 A EAGER G R

F-7 AR REER
REX-FRE3 BRSO BT R G0 F# (Marine Heatwaves, MHWSs )
LR W E § AU 5% 0 T %% Perkins v Alexander (2013) #1734
’,—’ﬁﬁ » Hobday (Hobdayetal.,2016) % & J1- 2% & %5 H &5 X H@F 0okl
B> 28 25 23k MHW # 7 end Jnjzge o?‘;‘z—%;‘;-‘iév}?_%’;— BroPEL 2 b
¥ MHW €% 5 "TH 3 Reg > FF8F2 o B ¥ R amdpic ks e > 748
WEEEREREFEOT EFBLERE M o d R ENRIEFRFRREITAF L
TR A LT R RER TR ST®R T R FRLTRE G AR LF R

.\:q

N

f
BN S TR o AR G 0 0 MHW % & 5 3 TR AILAZE s 0 2 4 T
KHSRERA BAGAREF m AIv5 - BRIF R > ¥ RFY P D

TE R o Bldef 2003 # 3 ¢ R 2R (Garrabouetal., 2009 )~ 2011 & ®a AT B
4vi& R 3% (Ningaloo Nifo) ¥ ¢ (Fengetal.,,2013) > 12 %2 2012 £ & & % & & (Mills
etal.,2013 ; Chenetal.,,2014) 43¢ » 7 BRI X § 4vft ~ s wAAE 5 ERIE T
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FERERSREFEADTE > PHpHEEHREEELEA R o FP o N2 T RE
TEABREERSRY EE S 3 N Y2 HRAY 2 PABKPRREST R RET

R T HR

FPE S H B A R o b4 2011 £ Ningaloo Nifio #7%# ;8 a A EAMEY &
B« £ 57 (Pearceetal, 2011 ; Hodgkinson etal., 2014 ) > &+ MHW %

BERE ORI R R 22 Y SRR F T AR

RIB RS AL HE T LR TR R g

B FEAEY S G o BB 10 30 EehEp s i EA (Sea
Surface Temperature, SST) T4 » & iz45 ' p B (day-of-year) | it {7 53t Rl - 4305
- BPREERFERTFERPF (o 15 5 K 11 ) e EE BRI 0 - H
FirpTimEsy 90 §A LD m% FALRERVERRE Tz &%
Mg RBRAPERAGRIN  RETRTRART I P FREZTEDESE o
AHUEAL (4o2°C) 2P 23 B RE T e 2 G o
Rl FRFPRES FAPEHEIHAAHERE DL - bl HEFEEHF B F AR 1°C
FGHFLTREFRERI R BB FIUpH AR EL S fhE* LT
TEDNY WLHEARER ) DRFPESERR FPRFETHEHRAS LTS DGR
FAcR o FlA A AP MHW 2% ¢ BF 5% onfE 2 - o

3#

AR EeEEg g > uE p s 4R (SeaSurface Temperature, SST ) = €
AL AAH S #HE - T p A (day-of-year) - #° % nx (1 I 365/366) 3+ &
¥ B AT A =k TEHES 90 F 4 = (90 percentile) 17 5 2| T B o gt (72

FENFEEF Y OBEART AL A N AP e m AT R AL - X g

e

B ARHEARFSE (FRI S 30 #£) 51983 % 2012 # TR M > AL E P
B F AR SWLED X F ARAPNNBEREFZSIFTELEL > Z 2R EFEFRE

PIFBABEPFFI AN 2T A - MHW T2 F2FPFIR- 15
TR R e BT P RS T p ot R YRR PIEFERD R ARG
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o= BEATHORT B o iR eniE B3R
Moo B E @ aud § e i

PR PR A K RSB L F dey (K

AR fende LA

AERAPITERT SER R FAEFEM o &% NOAAOISST % #8742

RS

GRE BB R BB RBEBEFE AR RS

Fop AR A

MHW i @& > 3 st 9§ Az P et B ff > TP @315 9 MHW R Es f# - &

%
o
=
A

R hE D I E R - HE

F_k
2y

B

Definition by Hobday et al. 2016

L e s AR AR ET RS TR

— Temperature

== Climatological mean

=== Threshold

Marine heatwave/
heat spike

A Heatwave
(=5 days)

intensity

. . Time
Credit: Shankar TAS Parliament

Temperature

B 2-2 3 X400 7K

I MHW $f4 2 % 38058 52 f kb

BE R EREE &30
#[1983-2012 ] #1214
90% P45 18

REREFHFREHR
A AFRAE

3, B 7K 0 AT 1E BF ) 2
P 7 R A L& 5 R B
e

B & % J&: Shankar IAS Parliament

$ o0 &4k R E#R

B2 78 Hobday % % (Hobday et al ., 2016) #7#% ! &% X472 (Marine Heatwaves,
MHWSs) % & = AR iS4 > &2 5§ & MHW &= § il > 2 g% (4op A
FAES AFERFERTEE) HNEpBFAOBAEATHERRE 120
MmoooF AR ERAERR (oA G 0T 5320028 ) pFo AR SR ES
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y M 1:

=

#£2 T FELP R 24T ’"FT\ BLA = p 2 5 Tk

i*’:{ HObday _#*%‘;6 l,( B 7-—%{ l“méA)L1f2—|: 9%”@? ?’}I—

=

[t
i
=
-

gL r TEaE o 245 R A A
BERPBEFwos L L mi

41

/EIJ o

3R - ] 0 A% %P8 Jacox & 4 (Jacoxetal.,2020) EFAT Y AT -
BN S REATHZ MHW @ip2 2 o> 2 @485 > F L @ % 1982-2011
R 4E - B piE b b i T E (climatology ) £ Kk 0 #-2 liﬁ:’iﬁ’_}ia‘f’“ﬁ
O g @HEYE R BEZ B FBPRTFE 90 FA T E P
o HUT R T S #0E 2o Jacox B R MR R TR 7 AU ABS A2 (detrending )
ERICES L AME L g S AR A BT & s P 5 P

Jacox Ty » dp o ? CREEEAED FRER R{ARELNELEEER
i%ﬁﬂriilﬁJ(mamevents)’ Dldod P B & < F BGIE d 4§ are it o

WA AR LW A AR MR LR T SR P - E > FE s Jacox &
Limh - B chkcE MHW PR APt & § #0328 R w80 £ he & > 12
A0 Rfcdheh MHW 2% 242 hB 00 - K o

fpfz ™ > Hobday = i Al ~ B E 22 5 2 fGd > g 2
BT R AP T N BRA AR b BEA S ERLE R B A PR
BEF  RATENEF A AR ERE BT BFA SR - Fp o poa
AP Y G AJLHA & MHW PFiv4® Hobday %% o v P A A8 S P # R Bl
BEFFAL L AdFt AR MHW o S B A4k FRBIAEEE Y BT 2 &
PI#E 7 Jacox (st @ Rus i o Fiu W Hobday %49 ¢ RHELY <RI A
B MHW fpl2 i dh o JURTRT Fid 2 Gl
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YZH BAAE
AF 3 0 Lin ¥ Wu (2019) #t/ 2. p * & (Anguillajaponica) % ¥ & “F 35
SR B BT BB I E A F B 12-15°N ~ 140-142°E (Bl7F 212 ) AR 5 P82 4o i
k% 4 (preleptocephali) 1 & & &3 » gt A g or (NEC) 22 8 & 4% o 'iiT o 5 8 %
AV BRFALEES (DVM) 2 F 5K rBFFAE SO0m-~ p FFAR 150m -
B EFFT RN T RAIAIER AP RAE(Z Om50m-150m K )
2 BB EEFZBRET YR FEFEF TR LA R FrEL AL
AP A CERYR) ZRBPBABEE D AR RN L R %ﬁﬁ‘%‘i
d DA g Sl i b 618 B GRFERMEFTESF A L) SR
FERATRSELBAR B 237 AR ENTELILABTT RBARES FT (&
+=)> NEC & & %Jﬂﬁi ¥ %4 RE{S i N ATEIRFOE (MC) ¥ 29 A #F (Kuroshio ) )% o
FATPEREREAAES (A Lo BT REF R ) BN g E o TV RS A ]
BAFEWLAFHFERAE RN - F 2> ¥ RBEER UL B T 5

¥ 3w BRPIE o S E R Ak

25 °/V

750N

”5"5 ’20°E

——> 100.cm s~!

1250 130° 13859 140°E 145

B 2-3 B4 ATFEHEELBRIE
B & &J&r:Lin £ Wu (2019)

d
e
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DIES:

i
XD

Bl 2-4 4% £ ¢
DERY PR B &

'

%1

|

F S B AERGETE
P~ (Anguillajaponica) ehA P % 23t § 2 L 04 d B~ 12-16"N gt
AiE i (NEC) ¥ > P22 4 13 4 (pre-leptocephalus) i & & ¢ AR B A& B8 150 -
180 m s B -k > 32 A% LKIEY ~26 'Cor P ERFPUAREG F FHhEH
(Aoyama et al., 2014 ; Tsukamoto, 1992 ) o T 3 ZEJp A7 p ABE>T TR K A% -
mOLRAEA R DI G /B LR B ESHETLRESE RN A PR A% (Aoyama
et al., 2014 ; Tsukamoto, 1992 ) -

je Moy e aBiB R | At R{BEEEPPFETHE P L@ 2 CTD 25
Fdg o frpdee ) ~230m hA PR 2 1 150-180m FB K BF o ATRES 2 S sk
THERNE 2026°C; e L3798 mene F &2 P ¥ v (Higuchi et al., 2020) - &
% 00 F iﬁﬂ—”ﬁz#ﬁ J PG i A & 3 PR R (~150 m) > RN 25.5-27.3 °C
Tk i% = (Shirai etal, 2018) ¢ Fgt » f ABB A en T4 FI%T | BIRE T PEIE S
20-26 °C (Higuchi et al., 2020 ; Shirai et al., 2018 ) -
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TR/ ETFERSI Y PR GERFFIERGRE P AB A 22-28 °C
R E G RE /S P FREF24-260 °C 2T HEF WIS FTERES
oAt 18-19 "C & %3t 30-31 "C pragit % 4 pr (Okamura et al., 2007 ;
Kurokawa et al., 2008 ; Ahn et al.,, 2012 5 7= & Unuma et al., 2012 3577 52755 3f &) 24 -
27 Cleip A S %2 4 PHdai@2 20-26 °C pAREKERIT AP » 5 B
B T3 4U/3 fl#%E | o2 &9 (Okamuraetal., 2007 ; Kurokawa etal., 2008 ; Ahn et
al., 2012 ; Unumaet al., 2012) o

AFTE B A KA ERR S TR R R W R egpF > 24-26°C 1T 5 T A
w2 20-26°C 15 T3 195 % > Okamura % 4 (Okamura et al., 2007 ) 4 3/ %5
vk p A (Anguillajaponica) P2 A8 3 A b f B R O 5 25-28°C o #rL i
BGRB8 C(HFF5p) FREAR/RA P FERAIBALDALNEEF

PR RN A T A T A SRR R L WO AR PG

221 p2B3Y2 GRERTER (AT FER)

SN /SRR R(CC) ERE ¢JI§J¢
“r &% 20-26°C Higuchi et al., 2020
i 24-26°C Okamura et al., 2007
<18/231°C - % “mit
[ S M) 26-28°C Higuchi et al., 2020
Ahn et al., 2012
Fr i % 24-28°C Yamada et al., 2009
Kim et al., 2007
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’ﬂl‘{

SIS BALTESRE

EEPFEE o P OAEE A T m A& °F > PEFREA U~369mh! guE g H K

14-22h 7 #%:% 150-180m R Bk B R ER » ZL2 =H % 50-80m; g
Bt e D55 E R | 5 20-26 °C (Higuchi et al., 2020 ; Aoyama et al., 2014 ) »

g 3 4w Hp e B (pre-leptocephalus ) B 7 380 K jF 2 ILE R A AT o U

B At hd AT ~150m ) BIE A SR (9 255-273°C) R LT

X
s

#tg & 3 'L (Shirai et al., 2018 ) - dadhF < £ & MHW & ~26°C % F o A ¥}
Wk RGBT REEER > ERPES P25 (Shiraietal, 2018) -

¥ @ (leptocephalus) FAE o :&» S R {8 NP Agenp FH L2 BH R F 50 -
100m~+d = 100-150 (X 200) m> P 4=tgH 50-150m; @A * grREHE S £
g 4% v (Otake et al., 1998 ; Kim, 2007 ; Yamada et al., 2009 ; Miller, 2017 ) o

A3 batd® (75 0 AL H5-205m T3 T=x &4 MHW B BE | #-EF7AEX
PR E Y SR E R R UER S A R EAGL s T4 & MHW — 5 g
Fe > FEE ) e

2 22Pp ABEHA PRI Lo 2B (AFET P FER)

R 1RFRT (m) L3 fE 1
i 230 — 150—180m + 2 50-80m Higuchi et al., 2020
Okamura et al., 2007
L M 150—180m ~<l0m Higuchi et al., 2020
Ahn et al., 2012
¥ri i v %X 100—150m p g 50-75m Yamada et al., 2009
%+ 50—100m Kim et al., 2007
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AEFREIET A ST EE R PR R DR F L SR e g & JTWC
AR B R K2 F M5 TE(I0'N-45"N-90°E - 180°E )’ # 7 2. i# (Kuroshio
Current) 2 $hid 3 % ~ AL (Oyashio Current) & T % > 1M 2 2P @B in % 9737 2
2 -t # % (Kuroshio-Oyashio Extension, KOE )o 2% % 88 3 (¥ 414 &1 4 G258
/& %8 & (SeaSurface Temperature, SST) ¥ R M2 ¥ > ¥ S £F F 322 & - Hp 2
SEEHE R XDNLTEFFREENSO £+ R B BRE DB E o Fp o L REER

sheg v F % 4ojs 4% (Marine Heatwaves, MHWs ) e 4 » 7 W@ 8% 4 %4 B &

-

RABREFT R (VBB F-2X et HERB M LIRFRFA LI GRE -

SFEFRL PR ST FRE AR AT THEERDF L 1982 £ 3 2025
£ H343 & 01982 # 5 NOAAOISST V2 B f&#47 &% 2B & F A e & o pt £ pF
FFRZIEE T = ENSO F# & 23keg (t 4eid 2 ip/F 8 > 7 2430 % MHW &7 F §
AR RS s

F-S AR

MG AT chjd AR R TR 5 NOAA Optimum Interpolation Sea Surface
Temperature, Version 2 (OISSTv2) %54 d 2 RE 73 FF+ § 2% (NOAA) #
o FHREFARLZEP 2025 x 025748 i F p 1981 &£ 9 ke IRE L o P

TR RS mh R (AVHRR) ~ fpda 2 3R 2 R 2RI T YR EFFRFBEL ST

FIRAFEF RGN AIE > EABMHIBITRSEY - R BRI 2k TR
B F i 0] o MHW i ] #-ix 35 Hobday % 4 (Hobday etal., 2016) #73% 112 &% i
GRS AR K 2 (1982-2011)~F p ¥ 0 F A RV ERMHEE
FHREHE (Z225p) BFE4pEE .

BAFERFTHEL S FREMAFFE A 52 LK% 55 1990-2023 & p
A oE - EREYEIBAFER -
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X7 Physical Sciences Laboratory About  People Research Data  Products  News|Events Leam Q)
#4Home » Data » Gridded Climate. » NOAA O1 SST V2 High Resolution Dataset

NOAA Ol SST V2 High Resolution Dataset

NOAA High-resolution Blended Analysis of Daily SST and Ice. Data is from Sep 1981 and is on a 1/4 * global grid.

NOAA High Resolution SST Anomaly Aug 24, 2024 SPECIFICATIONS -
1971-2000 LT™M

Sea Surface Temperature Anomalies Anomaly degC
o8 st 1 R G

Temporal Coverage
* Daily values from 1981/09 to 2024/08

* Weekly values from 1981/09 to 2024/08

{ -
011 { « Monthly values from 1981/09 to 2024/08

J 5 « Monthly Long Term Mean 1991-2020

308 3 o
" s o U= Spatial Coverage

608 -~ r

1 - e 1 * 0.25 degree latitude x 0.25 degree longitude global grid (1440x720)
%8 4 T Tt

0 0E 6E 90E 120E 1S0E 180 150W 120W SOW 6OW 30W O + 89.875S - 89.875N,0.125E to 359.875E

4353252151050 05 1 152 25 3 35 4 Levels

l 3-1 # 48 & 7 OISST V2
Bl & % ik: NOAA OISST V2
AET G AR * chst & K A F 4L 5 NCEP Global Ocean Data Assimilation System
(GODAS)» ¢ ¥ MR fus £ FEX §F 4% /M7 FR? < (NOAA/NCEP) # # - 3%
THLEA 1980 & 1 PABEER S BFREITAR LR C ZREA L 0.333° x 1.0°
(R x &) @2k 2 o GODAS 5 - % K =t/a ik it ks> & &l it &
RO GRESEERCRAR MRS ERE BB MR O BN R LR 2 F
i £ od 3% GODAS #& & p £ k& 377k 0% & #f & (potential temperature ) 7 #2L »
AETTET H 5205 & REFEEOY TEEEAE R RS L K A E A (MHWSs)
S A S o

\’Z Physical Sciences Laboratory About People Research Data  Products  News|Events Leam Q

NCEP Global Ocean Data Assimilation System (GODAS)

High Resolution Multi-level ocean analysis from NOAA/NCEP

GODAS Potential Temperature Dec 2024 SPECIFICATIONS =
potential temperature Anomaly K
- PR ) LR WP . !
N < : R ) Temporal Coverage
o 7 N IR 4 Monthly values for 1980/01 - 2025/07
= N s « Monthly values for /01 - 2025
30N f = S v
»,:» "?” Spatial Coverage
0 5 e R vy =t
e s A | « 0.333 degree latitude x 1.0 degree longitude global grid (418x360)
308 f X | * 74.55- 64.5N, 0.5E - 359.5E
s 4
093 T - = Levels

0 6. SE: 008 JE 1508 100 AW LAoW 90N ‘60w . 3W. 0 175, 185, 195, 205, 215, 225, 238, 262, 303, 366, 459, 584, 747, 949,

| ] I‘I- 1193, 1479, 1807, 2174, 2579, 3016, 3483, 3972, 4478 m depth
45-375 -3 22515075 0 075 15 225 3 375 45

* 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160,
Bl 3-2 = % & B & 74 GODAS

B % % &: NCEP GODAS
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Fo 8 PR

WNP 90-180°E, 10$-45°N

i 180, 45)

T
126°E 144°E 162°E 180°

~ A FE(90 - 180°E, 10-45°N)

DRSS E £

B\ &

(43’5

180![20)

JE‘- i
=

Wl 347 & TEagE %

T T T
126°E 144°E 162°E 180°

2 iEh b4 3 %(128-180°E, 5-20°N)
DR R E L
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40°N -+

20°N -+

10°N -+

154, 20)

108°E 126°E 144°E

162°E

20)

OU'N | —| T
- 7
// i
40°N -1 ; L .I_
‘
20N L4 ' | 180]
! l %) D
10°N Ut i s / * Al e e .|
| i | |
0° z f } : i e =
90°E 108°E 126°E 144°E 162°E 180°

Bl 3-6 @ 4 & "% (128 - 154°E, 5-20°N)

hEF G AR R EHIUER R B

DR R E L
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I e
-9 2K AEER

PN STERIET
STHIENE
NOAA _ 5 HE
RiEE AL g = i SHEE R
%s%sgﬂ T 19832012 FFSST T RN *’éj R
BREE stEE00H/
SHIRFE

@3#%%%%%&&%%%

PAFERE AR T ER RiTe L E ks E#0 (Marine Heatwaves, MHWs ) 2_ 3 # 4%
Fa s F o A3 % Hobday (Hobday et al .,2016)#74% 11 2. #&3 it &8 > % > &
FEERLEIRE 1 o327 SN < F RV IR AHL 0 T AR kg
MAE TR FNER MHW ddgicl - FHEEpEEF R R EZIR 2 £LF 5
- RPN RELE T RBEE 2R D EPITR LS AT o

%1%k & + > Hobday % + (Hobday etal .,2016)# MHW % & 5 " ¥ e 2
Pl OoFEFA R YRR RNER LT RRAZBRoEE CH- S B R T4
W EPnf FARLEF  FALFIFRFLFTSDNEHERLE G AN H oo

5 e
PHABRZEHFFLE- PR NRrefp RUABFE LA BRI A0ARTE 1= 0 %
EREF P RDAZFER SR R AT 5 A H 29~ BB AR -
&E@%ﬁj’iﬂi%?T@M&%ﬁ%LOEHVZB*EH%mﬁ e
(0.25°%x0.25° Z R4 A ) FHHF L 1982 3 2025 & > & F 44 & hpplpE R o
;gigﬁﬁﬁ#wgiwwdmzﬁﬁ30&maFﬁA&¢¢HJFB&wa-
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SST and Threshold Differences | ° C]
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Australia

La Nina Conditions

Increase trade winds
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Subsurface MHWs | Region 12-15°N, 140-142°E, Depth 5-45 m
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Subsurface MHWSs | Region 12-15°N, 140-142°E, Depth 105-145 m
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Subsurface MHWs | Region 12-15°N, 140-142°E, Depth 155-195 m
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Subsurface MHWSs | Region 12-15°N, 140-142°E, Depth 205-205% m
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Subsurface MHWs | Region 12-15°N, 140-142°E, Depth 5-45 m
Depth = 5§ m | MHW events = 43

S R B B [ o o Fo [ [ N
AARARARR§
‘ f

1960 1961 1NZ 19D TGRC ISES TSER T9AT IGRR TWBG IS 1991 1567 199

1 I I 1
31994 1908 199F 1947 199K 1999 2000 2001 E002 2005 2004 2005 2008 2007 2008 2009 2010 2011 2012 2013 Hrla 201h 2006 2000 ANR 2019 2000 021 2002 A 2024 2028
Depth = 35 m | MHW events = 36
T T [ | | T T T
'\. 2 li‘- F‘A\ ’\\
y VY VU
L | | T | L1 | I I

1908 1907 1998 1009 2000 2001 2002 2003 2004 2006 2006 2007 2008 2000 2070 2017 2012 2013 20M¢ 2016 20°6 207 2018 2010 2020 2021 2022 2023 2024 2026
Depth = 45 m | MHW events = 32

s=T T T T T T T T T T T T T T T T ]

2 L‘ ‘ﬂ\ -‘f- A ‘ c' ‘\‘.

T
AR

1680 1981 1082 1083 (0C I9ES 1086 1087 1082 10BO 1080 1901 1902 1900 1834 10

non
! A
i \

VYV YY)
[ T I

1980 1981 1032 1983 798¢ 198G 1986 1087 1089 1980 100 1991 1002 1993 194 1005 1995 1997 1998 1099 2000 2001 2002 2003 2004 2005 2005 2007 2008 2009 200 2011 2012 2013 2M¢ 2016 076

B 5-23 78 4 10T 545 0 v R R ERGVE 4 AR

2017 202 2010 2020 2021 2022 W23 2024 2026

Quserved

Sessoal Cimeisogy

Wi ThREned @ Heatwave mantng |

Subsurface MHWs | Region 12-15°N, 140-142°E, Depth 55-95 m

SO0 1901 1982 193 1EI4 1985 190B JSOT 1908 1959 1900 1857 182 10M1 1984 1995 190G 1907 06U 18D 2000 2001 002 2003 2004 2005 2006 2007 2008 008 W 2011 2M2 2003 2014 2015 2016 21T 208 2009 2020 2021 20
Depth = 65 m | MHW svents = 21
T R

2021 2 035

1980 1581 1082 1083 1084 1985 1985 1957 1988 1230 1990 1091 1902 1903 1904 1995 199G 1997 1098 1999 2000 2001 2002 2003 2004 2005 2008 2007 2008 009 0 2071 2012 2013 2014 2015 2016 2017 2078 2010 2020 2027 2022 2023 2024 2025

Depth = 75 m | MHW events = 21
(.

196 1861 1882 1933 1GR3 1GHS 19R6 19B7 1986 1889 190

1997 1982 193 1964 195 199G 1997 1996 1999 2000 2001 2002 2N 2004 2005 2006 2007 2008 009 20U 21 AM2 2013 2014 2015 2016 A7 AW A 20 2021 2 T 026 W2
Depth = 85 m | MHW ovents = 23

o= 1 T T T 1 T T 1 [ e | T 11 T T T T 1 [ |

AR & S A A eSS

SRR AN A T Y

900 1901 1982 193 T899 1905 190G 1907 1900 1999 1990 1997 1902 1991 1996 1995 199G 1997 199U 1899 2000 2001 2002 2003 2004 2005 2006 2007 2008 2008 00 2011 2012 2003 2014 2015 2016 2017 U0 2019 2020 2021 22 U 2024 2025
Depth =55 m | MKW ovents = 27

1980 1881 1982 1983 1984 1085 1986 1987 1088 1980 1990 1007 1082 1993 1994 1005 199G 1997 1999 1080 2000 2001 2002 2003 2004 205 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Bl 5-24 /34 0T 55-95 o R AR K s AAUE 4 AR

2016 2017 2078 2010 2020 2021 2022 2023 2024 2025

Ghearves —— Sassonal iratiogy ——WFW Thaeras @ Featwmvaronta]

58



B TED A ATE (12-15°N 140-142°E) i 4 & " RERPFR 204 K 5
FEU (MHW) - Bl? =d LEPRERBET 5 1998 & (& 33# ) 2 (8 enpFf
* AR PR MHW % B 250 B RS LR T o AR HRAREET 11998 & L - B
AREko 2 Rk (5-25m) &P ¥k (55-95m) I3 MHW chiE #2355 B 0 &g b 2
E-H o Y 2008 EufsenE N MHW ST me iHEer RAOR(BP 228
WEATRE ) REAZRB T RREAL AR EDIARTEIL I ERED { F
FRBE 90 FALZPESFRLIEFLER -

5m subsurface heatwave events | Region 12-15°N, 140-142°E

5m Temp (°C)

Z?YVwavvvvawwwvvv

1980 1981 1982 1983 1984 1985 1986 1987 1988 1988 1890 1991 1992 1993 1994 1895 1998
3
82 o)
| 7 Y2) o) I 7N 9N 7

30 ] i~ £ /) - 5 [&E
S f\ a g A ‘f' " A % A | iy
o A (R A N A & afh N e\ / \ /
E f \ \ | f \
2 W2 \ \ \ f {34 \ ) A

28 f \7 o 5 )
£*N g \Y/ ¥ v/ \/ L/ Y ) YV \Y, V) \V v \V/

27

| \ | | | | | | | | | |
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
3
7 7 9(1) 7 og)

30l 6 ’ 7 N 2 7he S 7(A
o ~\ 5 3 / . \ Y2 Ays
e eV AT s NadaNaNat AN e A\ e
g 29 o . \ , 44 N\ ] ’ ] X
2 3 . 0 . ) %/ adb i X

260 < ] \ y

27—

| | \ | | | | | | | | | | |
2010 2011 2012 2013 2014 2015 2018 2017 2018 2019 2020 2021 2022 2023 2024 2025

— Observed Seascnal Climatology MHW Threshold & MHW months

B 52578 4 T 5w S KR ERR
‘T ¢ ﬁ{l\*};—_pu 28 }i /Ji /Lll\’-}i
DRSSP R Al

59



Avg Temp (5-45m) Subsurface Heatwave Events | Region 12-15°N, 140-142°E | Total MHW Events = 39
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Monthly Temp (Prev Year, 12-15°N, 140-142°E) vs Next-Year Total Catch

a0 Total: Janua 0 Total: Fabrua 0 Total: March 0 Total: April
50 50 50 1 50
E 100 E 100 E 100 E
= = < =
g15(] %‘\50 %150 %TSD
o o o a
200 200 200+ 200
250 250 250 : 250
- 05 D 0.5 -1 05 o 05 1 -1 05 0 05 1 0.5 0 05
Correlation r Correlation r Correlation r Conrelation r
—&—depth) O p<0.05 —&—ridept} O p=005 —&—rideplh) O p00b —o—rideplh) QO p005
9 Total: May o Total: June 0 Total: July a Total: August
50 50 1 50 50
E 100 E 100 E oot E o0
< = e <
%150 i %150 %155- %150
o : [=} (=] =]
200 200 | 200 - 200
250 250 250 : 250
-1 05 0 05 - 05 o 05 1 -1 05 0 05 1 056 a 05
Correlation r Correlation r Correlation r Correlation r
—O—repth) O p<0.05 —E—ridepthy O p<0.05 —&—ridepth) O ps0.05 —©—ridepth) O p<0.05
. X . . D
q Total: o Total: October a Total: a Total:
50 50 50 50
£ 100 | E100 E 100 E 100
s s = =
o =y =S o
& 150 1 8‘150 8150' 8‘150
200 200 200 - 200
250 250 250 : 250
-1 05 0 05 - 05 0 05 1 -1 05 0 05 1 05 0 05
Correlation Correlation r Correlation r Correlation r
—8—ridepth) O  p<0.05 —E—rldepth} O p<0.05 —&—ridepth) O p<0.05 —&—ridepth) O p<005

B 529 4 KAE 1127 LFER

B 529 27— & &2
PR BARTES
KR FER (2
LR

7"‘?/‘?‘4&

1 #h s Ap B

LAPHFRIARN -

A8 (r E

B s KR T

»(1-12 * ) * BiEAE (5205m) 45 &

frh THFEEZ M
%59

Pearson #4p R a8~ /] o

ke

Vo ke d A

—}\-&g\

B AR p<0.05

WA F & 12 B > 3=sE (12-15°N > 140-142°E)

ﬁm&ﬁﬁﬁézwwﬁii% TRR

C- BT AR AELTE I,

1-12 7 for R EE 2 A M1 o

¥l Hri g RER4V

63

1.5 8

B 6! S
NHRIB S A e
#-A P % Ao R A 5-105m Az R

& 55-105m




PR AR AEfer AFEEMN G

OTaiwan,MontthTemp vs Catch 0 Japan,MonthlyTemp vs Catch
——E&— Correlation (r)
= —~-011 O p<0.05
= -0.1 1 =
2 |—9— Correlation (r)| S -0.2¢
© y ©
= O 0.3
-0.4¢
-0.3 : : -0.5
0 5 10 0 5 10
Month (Previous Year) Month (Previous Year)
0.1 Korea,MonthlyTemp vs Catch 02 China,MonthlyTemp vs Catch
—E— Correlation (r)
=02 O p<0.05 | = 017
c ) c
S S gl
T -0.3 ©
g o
& 5 -0.1
O 047 O |—9— Correlation (r)|
-0.27
-0.5 :
0 5 10 0 5 10
Month (Previous Year) Month (Previous Year)

Bl 5-30 =t & KA Rz FT1-12 7 fee W EE 24P H 1L
DR SUREER 2
B 530 4- Z A0 (rAEBEE ﬁiﬁ#éégmw AP B A T 0 2 RS B A B
Bao@ P& - 5RE? W2 4B 4F#H T2 4% (12-15°N, 140-142°E ) 5-105m
FRZBRGTETIEER AT - E L P 9 Pearson 4pM ¥ (r ) d FORAE A
BF-KE p<0.05 TEMFHEFM2Z M cSERETP AEGROFELE ST - £ |-
5P A EARGAEFLAAN > ALAFRF VR ERFERAER, £H Yy 2 0
SEE A R SRR AP > AT (S € R AP A odE B aAp B RGFE

%Eﬂi‘ °

64



Depth-wise Correlation Between Previous-Year
Monthly Temperature (5-205 m) and Next-Year Japan Catch

0 January 0 February : 0 March
50 50 50
‘£100 {E100F ; £ 100
£ £ | £
a o i =3
@ @« ' 7]
0 150 10150 i o 150
200 - 200 - 200
250 . 250 - : 250 + -
-06 -05 -04 -03 -02 -01 0 06 -05 -04 -03 -02 -01 1] 06 -05 -04 -03 -02 -01 0
Caorrelation coefficient (r) Correlation coefficient (r) Correlation coefficient (r)
—O—r(deptn) O p<0.05 —6&—r(depth) O p<0.05 —EO—r(depth) O p<005
o Apnl 0 May ‘ : 0 IJune
50 50 50
100 ¢ 100 [ } £ 100
£ s i K
=% [=% ' =}
@ @ ' [
0 150 0 150 [ i o 150
200 200 ! 200
250 1 ] 250 | l 1 I | i 250 ] ] ] 1 | H
-06 -05 —0‘4 —0.3 70.2 —0‘1 o] 06 -05 -04 -03 -02 -01 0] 06 -05 -04 -03 -02 -01 0
Correlation coefficient (r) Correlation coefficient (r) Caorrelation coefficient (r)
—O—1(depth) O p<0.05 —O&—r(depth) O p<005 —O—r(depth) O p=<005
. % PR 2 N N E
Bl 5-31 A KAE 160 &7 3 5205 MAcp A4 ER 2 da R {2

Bl 5-31 = p ABFHL

- EE 0 (1

=L

(
5-205m 2 *

EERE O BIRED A ﬁi'i’#ﬁ%ﬂ

DR SURCER 2
E 16 7 7 FiER(5-205 &

Jod

|7 <

")

-

)i% iR 2 AP B 470
AP ABILEZPE (12-15°N > 140-142°E) £33 7 A&

FRAT

7

“~

Pearson #p B# % #c (1)

FRZAPMME B AN EF (p<0.05)-

BEEF LS
TAHD AR AT
CEEN TS

T A 5-105m B AP R L APM > AP MR A KRS
FHEF A AIRE A F PR AR T AT
S TR OEAS BT

65



Depth-Wise Correlation Between Previous-Year
Monthly Temperature (5-205 m) and Next-Year Korea Catch
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