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(b) JJA TW Tavg climatology

Lo

120°€ 122°F

0.8
1 == 5yr moving average
0.4_: —— trend: 0.24°C/decade
€ 0.0 l
-0.4-
-0.8 T T T T T
2000 2005 2010 2015 2020
year

B 1:(a) 1998 - 2022 FEF (JIA) A FEESER (A

P BB °C) B2 10 m B

(REFTH) 2010 > n] AEIET =B BV ELEIET ISR = HaRa ¢ (b) [FIHEE-

PR (B C) BURE

FEEIFVHRREY (AEREFRRIEEY
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KRR - EEEKERENEbRZ
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ZREEN > BE HZB TR EEE
ErEnRCHIGIED R - R HETE ==
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FERE R > B288FH 42 (EI Nifo - Southern
Oscillation ; ENSO ) FAZEHE FEVRAE
A2 L)IFHRE (Wuetal., 2020) 5 /E B E =i
M 2 L — BB 53 B PR aE = e K 4
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(Pacific-Japan ; PJ) 13 &/ E & 2R FIR
i e O = (A EE AR A (Tseng et
al., 2023) - SHAMVEWFEREH - SEFEAER
& (LA E) AIRKEERT » B ELEL
AR 2 R B R AR » HEITAE
BN ERE A N O B 7D AT SR E s W
TERREREER T FFHEESE L > Btk |
FHA T CEBFTER IR - (PRSI
PR EE PR - d 8 FH e 5 oRAYIEE
PE (warm advection ) {HE2/E5E0E -
EBREAREEZRY 1 FFHE—T0 M
TEE BRI - Rl et Al 3%
A AR AL (Chen et al., 2008) » &RE LA
F o MERCA RS EINEER B R
FEERRISHET 6 > 2RI SRR R
FEREFERINFERRRE - gUEst i ==
EirERET - ST RS2 EE R R0R
Y F ZE R B - hER = RATRET -

EEFFARBERE I TER WK
SR VT B R A [ R A R A A R A

( Pacific Meridional Mode, PMM ) Hz3%7
FREE - PMM 2R @ AT A
PRI AR - B U S BUERA
FESERIE G - FEIREALRY 32°N - 21°S
Bl 175°E - 95°'W (Chiang & Vimont, 2004) »
PMM B 2 RS IE G A i i B4
[E] R A AR RS (49 8-16 4F) HY#H
HIRH O I H AR IRZAVRERE 1990
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FRBREIEI (Kao et al, 2022) -
PMM B B $th 1 A i = . ~ e /K S84
K Ji6 B A B B & % V) AHRA  (Hong et al,
2018; Song et al., 2023) » 257457 » PMM
B 22 VB DR [T 52 B A A IR B (Tsai et
al., 2025) o Fjr it - FfMHER] PMM {E2
BRIRE - FHlEERENERERD
S brp > FTREREES AT 0 A0 0 HAT
BATY PMM B8 &7 220 i R A R e
4 > MERERIIA ST B e A A TR - (A
AIRTEEEE T 1998 42 2022 F LR SR
BHEEB N LS ET &R 2
B ITER AT PMM BB E
FROBIEF AR RrvRistE - 220
YRR - TR HE ERAURY R -
BAm BT » B R APE R
TEOHIER (It B AR [ AR B2 B B P B <
AT AR AR ECRATTEMIEE ST > DA
T BhE B H i BB 0T R R PR -
=
(—) KL rsERERE 7

AT PMM {5 8P F 5 4G
PMM 58550 TR - sZ35 8 EREIZR S
PE B K 4 442 ( National Oceanic and
Atmospheric Administration, NOAA ) £ »

A7 A A HHLBK 24t FE[El & 6B ( Earth
System Research Library ) 49 uf H{ 15

2 FO+H=M

( https://www.esrl.noaa.gov/psd/data/timese
ries/monthly/PMM/, > 2023 HF{FHL) °
PMM S22 ¥ B S Bl AP R

(32N -21'S,175°E - 95°W) (/& REL 10
R LT B KB 5 22 53 A ( Maximum
Covariance Analysis; MCA ) FT15AYEE—(
MEHERE o Ry TIREGEREHY PMM (555 -
SR A B RS A AT T B KA 72 S M A
TR IATHRR IR - EREZEE R ~ KRR
FEIER R MES » WER =1 H 58)
3 e fEAh - TP RR 7 F ENSO (555
HYAP A 2 5958 (Pacific Cold Tongue
Index ) > UB/V BRI B2 PMM Hy+-3E -
WL 1998 4228 2022 41y 6 HE 8
H (June-August; JJA ) i H 15 PMM 555
A FE R IR B P 20 HI 5 SE 8RR
RIEHRHZEREAEE > T 25 F2K
PMM  {E AR EH0 R /K B 85 8 S ARG
YE 2 Frors e

(=) 2B ER (Taiwan Station-

based Analysis )

AT R RE R A =B
&R BRI ~ BsmfE
UK EARIRIE o B2 BRI 110 {#Erh
Refl & ~ BUN BRI R D A I & 4
o SCREOR A ~ (BT B A RS
WK FERHEEFR  BEEMH A EE

(Universal Kriging ) #E{THE{EER > /5
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AT AR S AR A R £ 25 2]
NI BEER] - DARRT TR E S R R AL 5
SEERIEE (PR ESE, 2023) - L&
HYZ2 AT Ry 2.5 NH » AT R
A EDRHRFfE] & £y 1998-2022 #) 6 H &£ 8
REZg > 25 4 -
(=) EEREER
SRR B E LR S5 Hadley
H0 By 2 BR B UK Bl UE R OR B R
(Rayner et al., 2003) » & By 1°x1° » HiAth
R SR B2 S P (o FH BIOM H B K SR TR e
(ECMWF) BB AR EH A
#3H( the fifth generation ECMWF atmospheric

reanalysis of the global climate data ; ERAS ;

Hersbach et al., 2020 ) - ERA5 X ?
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A1 Vimont (2004) {#FHAVEIK—ZL -
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Integrated Forecast System {5 41r2 R4S »
EA R A AT T1279L137 A Rl & 2
BIEU R PR BT RN » AbF5E
o F A 322 B B 15 0 o THT SRUBE . ((sea level
pressure; SLP ) ~ 7K JEES (w5 v) » TS
F50.25° x 0.25° © Jfm Je FAth BB {5
TS Ry 19982022 FE2 6 H~7 H 8 A
ESBON

(—) HEHELAEER 31T

AHFEER 57 B AR AH R 737 ( Pearson
correlation ) i 45 14 i EF 73 A7 ( linear
regression )» LA b PMM $f B ELE

G M R ITE AR -

120°W

S

90°wW



67 KSR

B2 ARAH B 53T I PR W (el g 52
SR SR PERRI AR - FLEE AR E R
-1 2 1 Zf - BH{ERRF R Y3
SEEGR - —KIME @ EHERRE x
SR - y SHFER g0 Sz > SAERE A
FONE x W oy EEFECD o RZE AR
GEEESPASE AN

Y (i x) i)

) = 2 =
\/Z?Lﬂm—z)z \/Z?:TL—X)Z
Hrf o r R ABRARE > By R £

s e A - x By B EOP A -

(Boslaugh, 2012)

SRR AT — TR A R A H S
B S B R SR VERR (R AR AR > AT H]
HAILE B SRRy o RS
{ElErE - Az

Yy =Po+P1x1+ Loxy +-+e (12)
Hep o YRESEE x1, xo, . FEEE o
BT » B, By - Py HEERRE Ry H
xHIMRAERETE > eRIIRFRZEIH AL PATE

AR IIATIE > AR AR B 22 A

F&ERG o BIAHER R R R Bk L RER > IR
RIRZ AR REAY SR B (E A PMM f58AT 2
W7 BURFEE
(Z) #E5RIEACE (Empirical Orthogonal
Function, EOF )

A B IE ST LR — T Y SRR R A
Fiat LH - ARiEElE =R ER TR L

2 FO+H=M

BB o 3207 AN H YRR R
RECREE R il Ry —4HIEAC oS - DAE
sk Al B LAY A5 A R LR AT LR
KB IE AT B T HY B AT R 7
# ( Principal Component Analysis, PCA ) -

BT R EOR AT 7 22 AR P SR R AR

TERUE RIS RA L EITE - HHCRRE R
(7R ~ M P SRR ) - SR A bk By

TIATRE R U R o i Ry LA RS T 7
1. ZEfEHAZ (mode) @ SZBRERHEZER
HyF S LahT - 2. BB (BIERT
principle component > PC) * /R 2= H]
AR EIAVERE o &R IEAT B IATHY
BEATAT
X(t,s) =Y cc®ue(s) (1.3)

Hor X(t,s) REFE IR EEZE -
RFfE55 > ¢ K0 s o7 BRI fel A 22 T ir
B M BEGTHEENEAEE - o) M
Wi (8) 73 1) e i 5 Ry ORI 36 5 £
Y e FERL R By ZE [E] 120 (Hannachi et
al., 2007) °
(=) BURER

Aimam X AHERE R 2 H i s ROmTE Ky
BURSERT Bz e = KRB R % 90
Ho i EORFIEER: » BEREVRE3E
A KEZETE & CTX90pt ( Calendar day
90th prc of Tmax; Perkins & Alexander,
2013 ) - Horr» f5—{E4gEREEORF IR (E Y
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SETTUE ¢ AEAAERR (1998 - 2022 4F)
A - BEZRE H U E RIS ER (4

15 X)) HiEmRon&E e st 5 5 00 5
T8 F Resz 48r& Rz HBVBVRFIE -

RS » A5 HE R AR R kP TR
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=5 B FINE HIHRER Rl (sl
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25 A4 B 48 K 8 ( the annual number of
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SR Y 77 41 K % ( heatwave duration ;

HWD ) DLk (3) BURGEIE - FHAEFVRAY
EPECETE (heatwave magnitude ; HWM) o

P ~ FFE&ER

FoRat 28R A A AU RS Ay
bR HEL PMM Z [ERYREIE - 2o & St
B7 1998-2022 {28 E PR fE
3a> G RAE ) BRI AR AEERIE
LB Z B — o
component 1; PC1 ; [ 3a » BE(a3748) DR
PMM $58 ([ 3a - BREHTER ) ZTHER

( principal

S AR AR bR -
Hrp > PCl BPE0R R AERR S8 = 22
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0.99 > H P {H/NF 0.05 > sRIFHEAE AL

REENTEREREE(L - ZEER VY
RSB PC1 AT FERYIRERA P - BERE 2
HEY 5 & 10 FHREAE - /£ 2000
2004 R EEE A EE 20052012 F
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0.1 FREERIAERIME  BEZARTRACLY 1998
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CHEZ EABEIERRER o R

& PMM 281 22 EAVRE S
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B ATAEIR o & PMM B 5EIE -
IR S - JEDAIEED ~ PEE R
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SRR ) By s AT DA OERLC 0.2 £0.1 JE -
3¢ RIEIRAER EAC B AR Y 55— 15
f& (mode 1) » HIRE 34 ELE 3b & AH
O 22EEHBURE B B DUALED
PEEN S S A A RN (Pl 5 =L
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B ST (O ELE MR L&Y AT
§t7 ) o PMM BSR4 FOE A A0l B 5 e L
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EEREE AR RANR B EEAE
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B (FEAE AN EIER R EER -
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S (49 180°~120°W ) fF 200 hPa =%2=
I (velocity potential ; VP) 351 IR
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41 () FEErm (B C) B L B B A P SR A AL R S I
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ZE 0022 4F
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REGRAY_ETHEE AP AR Rl 5y
HEERCER NIUES > ARZE (GEE)
(mFEA R HARE - AR PSR PR A eI
© SFETITREI AL 0 PMM R IEAEAL
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B E=SUREHEL PMM EREEE
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BB A T R DU N 2B
g Higmr BB GRS - S
PMM BB A HE AR
i H R (R 2 PMM AR A]
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ERERR ~ EESE (L H RS R
IIMERZEAE - H R0 AIRREREE R
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PMM SR REIEARORAVIERIHERE - (H  MHISEEHESRERE - A7
HgsRprs [ a KRR EEE R > 4 TPMM FEECRRY 1 & PMM FEEUNY
A RE A s R R A o 1 ED O EN SR ERFENER

— B R LEVRGREE IR - BemnmE 2 FME - T E R ©
75 (a) PDF of Tmax (b) Tmax (Positive year)
B Negative °
60 B Positive 25°N
50
—_ 24°N
R 40
S 30
o 23°N
20 °C
S | “J .
0 - L |
-1.5-1.0-0.5 0.0 0.5 1.0 1.5 120°E 122°E 0.4
°C
0.0
(c) Tmax (Negative year) (d) Difference 5.4
25°N 25°N
-0.8
24°N 24°N
23°N 23°N
22°N 22°N
120°E 122°E 120°E 122°E

6 : fZ& PMM FEIEAE M BLEREMLNG - 28 E P Higeni LR - PMM IEFII4F
B 2015 4F ~ 2016 4F ~ 2017 4F ~ 2018 4F ~ 2019 4F ~ 2020 £F » 3£ 6 4 : PMM &AR{r ATy
2000 £F ~ 2001 £~ 2002 4F ~ 2003 4F ~ 2004 4F ~ 2005 4F ~ 2006 4F ~ 2007 4F ~ 2008 4 ~ 2009
22010 £F ~ 2011 4F ~ 2012 4F ~ 2013 4F ~ 2014 4F ~ 2021 4F > #£ 11 4F - (a) BEEHR
ERAE PMM TEE R 2 #2553l (probability distribution function; PDF ) » 4L &2{{F PMM
IEMEA A - BRE AR PMM &AL - X iRl 0f (Extreme heat temperature; EHT;
B 2 °C) Y BHRTAMEERIAE (b) PMM BRI - 2B E R H xmi s St
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6a Z Jii & 1% & 73 A7 el 8 ( probability
distribution function ; PDF) 8/~ > & PMM
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& ABERER B AR A E S E T E -
A~ PMM &AL T i o B S L oy
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Abstract

With the intensification of global climate change, the frequency and intensity of summer
heatwaves in Taiwan have been increasing, posing significant risks to public health and social
stability. Understanding the decadal variability of heatwaves is essential for developing long-
term adaptation strategies. The Pacific Meridional Mode (PMM) is a decadal-scale climate
variability characterized by north-south SST anomalies in the eastern Pacific. Studies indicate
that an intensified PMM is associated with more frequent and severe extreme heat events in
parts of Asia, along with a significant rise in Taiwan’s summer temperatures on a decadal scale.
However, the relationship between PMM and heatwaves in Taiwan remains largely unexplored.

This study investigates the connection between PMM and Taiwan’s summer temperatures,
analyzing the underlying physical and dynamical mechanisms. The results reveal that PMM
plays a crucial role in decadal variations of Taiwan’s summer climate. When PMM strengthens,
ascending air over the eastern Pacific induces upper-level divergence, triggering westward-
propagating circulation anomalies that descend near 120°E in the western Pacific. This leads to

stable, dry conditions over Taiwan, increasing solar shortwave radiation and surface warming.
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Furthermore, during the positive phase of PMM, heatwave frequency and duration also
increase. These findings enhance our understanding of decadal-scale summer temperature
variability in Taiwan and provide critical insights for policymakers and climate adaptation

planning.

Keywords: Pacific Meridional Mode, decadal summer temperatures variation, heatwaves,

teleconnection. doi: 10.53106/025400022025095302001
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