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Statistical Prediction of Accumulated Cyclone Energy in the

Western North Pacific from July to August
Zhou Jiean' Tao Li*!? Xie Zihuang®
1. School of Atmospheric Sciences, Nanjing University of Information Science & Technology,
Nanjing, Jiangsu, 210044, China
2. Key Laboratory of Meteorological Disasters, Ministry of Education (KLME), Nanjing
University of Information Science & Technology, Nanjing, Jiangsu, 210044, China

3. College of Meteorology and Oceanography, National University of Defense Technology,
Changsha, Hunan, 410073, China

Abstract Based on the causality of information flow, sea surface temperature (SST)
and air-sea indexes are used to select factors which can affect the interannual variation
of the dominant modes of accumulated cyclone energy (ACE) in the western North
Pacific (WNP) from July to August. Then, the multiple linear stepwise regression
method is used to select the most significant predictors. The first two modes of July-
August ACE are the basin mode and dipole mode obtained by empirical orthogonal
function (EOF) analysis. The prediction factors of principal component (PC) of basin
mode include 3-month leading SST in Marine Continent and central North Pacific, 5-
month leading quasi-biennial oscillation index (QBO), and 11-month leading tropical
Indian Ocean dipole mode index (TIOD); while the prediction factors of PC of dipole
mode include 2-month leading SST in North Atlantic, 12-month leading SST in
Japanese trench, 7-month leading Atlantic meridional mode index (AMM) and 8-month
leading North Atlantic Oscillation index (NAO). The prediction equations are
established based on these prediction factors. The correlation coefficients between the
predicted PCs and the observed PCs of the first two modes reach 0.75 and 0.77
respectively, which both are statistically significant at the level of a=0.01. The cross-
validation method indicates the prediction equations have good hindcast skills and
stability. The temporal correlation coefficient skill of WNP area averaged ACE anomaly
reaches 0.76. The averaged pattern correlation coefficient skill of ACE anomaly reaches
0.35 over the WNP basin during 1980-2020. The prediction model performs pretty well
in the years when the ACE can be reconstructed by the first two modes.

Key words western North Pacific; ACE; information flow; forecast model



1. 51§

P8 b A T (Western North Pacific, WNP) A& 4Bk #4175 Jig ( Tropical Cyclone,
TC) RAMF IS, TC AEPBERIERES, BRI Bl K
R NS R EH IR, BONBRABEIMER R ARG —. Wi, o
F¢ WNP 1) TC 534 bR A2 221 P ERALE], 7R L FERE b T HE 5 A0 F A B 2
S bR o

REAE TR TC JEENMIERZ TC XFPRAE R G2 2R R G H%
(Gray, 1984a, 1984b; Camargo et al., 2007¢). JE/RJEV-B 5450 (El Nifio-
Southern Oscillation, ENSO) & #ily K-y i & Ehrfs 5, HE TC
TR AR O 2T (Neelinetal., 1998; Wangand Picaut, 2004). &
B TC A 5 R ENSO fe8ITEGi T R R RIH B I HAHDE (Lander,
1994; Wang and Chan, 2002; Chenetal., 2006), {HJ& TC FIAERALE . Fahik
. BRI, Aar A2 S ENSO . fEJE/RE# (ElNifio) K&
, WNP ZE XU ISR AR, {3543 TC (P34 ifr B flla) WNP AR FSRIR, 7£
FAT KGR B A e, [ W (P TH MK SR AL 1 78 2 e & 3 BB Nifio#F: 1) TC B0
H Ay S (Wang and Chan, 2002; Chia and Ropelewski, 2002; Clark and Chu,
2002; Chenetal., 2006; Camargoetal., 2007b; Taoetal., 2012; Taoand Lan,
2017). $L/edf (LaNifia) 5, PUlbAFATH) TC BATIACREW N, FHiARM
WH) TC % TM{EELI NifiofF, TC BATARALFATIRAT, B0l 0 AR I 5 1
TC #% (Fudeyasuetal., 2006; Camargoetal., 2007a; WHRWIZ, 2018). ANFH
KAL) ENSO F T X S i FAAL B AN [R5 O R BERR R R, o) TC i
S EE RN (Hongetal,, 2011; Wangetal.,, 2012). WF7ERIL, WNP [
TC A A K ST 2R 568 (1 78 B P (Southwestern Pacific, SWP) il 7
12 B 5 AH2E (Zhou and Cui, 2010). Zhanetal. (2013) WIf# A 7E g PS5
PG T VEREL (Western Pacific Warm Pool, WWP) 2 [H] ¥ RA % (Sea Surface
Temperature Gradient, SSTG) 0¥ SWP i, 45 R EWHZT SSTG MIERH &
SRR SUEBE R, I R KR, SRR . TC AR

HEEfEE (Duetal.,, 2011; Zhanetal.,, 2011; Taoetal., 2012), FHrE[



J£¥¥ (Indian Ocean, 10) Wil % 57 WOR 1 AR AL /R SCI 2358 WNP 2= XUkl
M) TC ARG 10 IR ¥ I U 22 {23k TC ARk, BLAh, b KPR
o i 22 WNP 1) TC AR R RFEEHL (Huo et al.,, 2015; Yu et al.,
2015), EZALLTFHFEIMERE:  Hy R AT b 4k AL 2 B P v 1 i
WK IR, BEmiE Gill 2425 DU N (Gill, 19800, #£ WNP B
E R ER, X TC B4R 4R (Rodriguez-Fonseca et al., 2009; Ham et
al., 2013; Hongetal., 2014; Yuanand Yang, 2020); E[IJEEr kLI MITA Ay
Y K PG VPRI IR 7 5 RE BB WUR AR A% MR /R ST, i B RSV I SR B ARt — 20
5172 WNP ()75 XA 5, 18 WNP S JE## 5 (Rongetal., 2010; Yuetal.,
2015),

TERAR SRR ) LB, KBRS g, 5
TC B RZ R V2 KE. Gray (1984a) B /R KPEFE TC SIS T E HEPI 4
J%¥% (Quasi-biennial Oscillation, QBO) Bt RE—i2, KINLIE QBO MG KAIAH,
58 TC I AIIAZ R R KA 3 4% . Chan (1995) 787 b AT VE b 4 B
MILA, BIFE QBO MIVERAIAH, TC iEahE T 1G5, (HIXMAHXKIEE ENSO
SIS ESZEMVEE] (2006) WHIT T Fk%S) (Antarctic Oscillation, AAO)
XF WNP 1) TC A£G, KIW 6-9 A AAO 5 TC Az sl 5 2 35 1) FAH K
. Choi and Byun (2010) fi& tHAbH b X KAFR A T ZRSALRIE ) (Arctic
Oscillation, AO) X} TC i&Ea)™ A0 . 7£ AO IEALAHIN ], TC A il B
7, ZidmiE. RN TC M Z, HAM LR, MRS, XFESEHEMHA
A R A K

FAE TCiEENN T XA IRE, HABORSERL A TC RS, AR5
SR, R EREE (Accumulated Cyclone Energy, ACE; Belletal.,, 2000). fig
BAEHTE % (Power Dissipation Index, PDI; Emanuel, 2005) %5. ACE 5 PDI %
EHET TC FAERANEL BB AML, A% TC iEahE #&k. PDLIHEA
AL B R KU I SL T, JBOK T KGR IR, %) XU R /NEBUER s 1 ACE 1T
BN 3 AR IR 7 AR BRE R/

B HLWANT ACE JEAT T 215 T30, 481 BR 9 o 347 K A< Fitf Hh 0 (European
Centre for Medium-Range Weather Forecasts, ECMWF). 3 [ fi 5+ £ [H Rt

7T (International Research Institute, IRI) 18 FH 3 Sy % WNP [X #5*F-3%) ACE
4



HEHAT TN, B R KU s (Tropical Storm Risk, TSR WIEH 484t T
BO WNP X381 ACE #4724 il . 64k, Kimetal. (2013) HFH #viis X g
(Tropical Storm, TS) 5 ENSO Z[AJ(JFVIAHIS, R4 MM 21 ACE 5 H{A R
it TIRAR &, #2577 Geit Mzl 77 ik 454 TR & TR 44 . Zhan and Wang
(2016) J: T 3& [ [E 5 ¥4 55 Fi i #.0» (National Centers for Environmental Prediction,
NCEP) Sl &4tk 4 2 (Climate Forecast System, version2, CFSv2) #fit
IR BRI . 18 SSTG . 3 B A8 LA SR Tt T WNP X337 ACE
£ & A AR
AN WNP {4 ACE Ff25715 T0 E 242 rp e NI 2 X 33735 ACE 4K
HIAERRARZ b, ZAL T ACE A 734 AEPRARAL, Wuetal. (20200 S5l dbik
WFUKAE N WNP FKZE ACE HI Tk (A 1, 25 4 ¥R (Sea Surface Temperature, SST)
& T ACE (Al ) A TR 7 FE, (HARHEUK. RSP SST. M E NI, SSTG %%
R F RN ACE ZSR /AT FRAR A IR 2 2 it HoAh B 7t Re g 5l i
ACE [MAEBR A IE T ME N TR A1 2 A SCKFI A Liang (2014) $2H 1945 ER
JiE, BT WNP 7-8 A4 ACE ERr B, Mk E -+, FHZ
TCER MR A A iR BT TR AR, A TR
2. BRIEE
2.1 fERHEE
ACAER ALK TC BESR A EA %) (China Meteorological
Administration, CMA) ¥ & KBTI 89 (1) S (R BR AR 4R, BLHE TC FiER L
A AL 2 3 i K FFEE K5 (5 H . ACE 258558 1 TC 1A g, A di s
PASIRIE, K 6 /INRRLIN — 2 ) e R R F-F U7 R InEE sk (Belletal., 20000,
HIF
ACE=J3_ J1 V7 (D
Horb, v3RR TC O KRR IR, m RondE— TC AN A Il
M YR, n 7R TC AN A S R 2 8 B Tk B3 R 0 (R v=>17.2m/s)
¥ TC, K H ML LLE AR ar AN GE it 04, Pt it BOh 1979-2020 4R #EE
Z=11 7-8 H (July-August, JA). 7 iEREHS#F TC s 47 & K yu,
ACE HH{E B 5% 5° [ 424 & 4 18] % 5 _E
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BEAN, ASCGEAER T 1979-2020 41K LA B RS BT 7

(1) #<[E Hadley "0 H 15 SST Bl 4E, = IA1 0 HER N 1°x1°;

(2) & [H [ 5358 F 4 o /B 58 KSR 58 o (National Centers for
Environmental Prediction/National Center for Atmospheric Research, NCEP/NCAR)
) H I ookE, A HFERN 2.5°%2.5°, RAMARERFER 850hPa
37+ 700hPa FHXTHEREY . 500hPa T Lk 23755

(3) % FF M KA % B JR (National Oceanic and Atmospheric
Administration, NOAA) ] 7~V [a MRS (Outgoing Longwave Radiation,
OLR) Bkl 2 (A 73 HA A 2.59%2.5%

(4) NOAA FRHEMI#FIEIEE, B AAO. KIUHL MM (Atlantic
Meridional Mode, AMM) . K47 2 A FRHR Y (Atlantic Multidecadal Oscillation,
AMO). AO. KFFEFEMPrRY (Interdecadal Pacific Oscillation, IPO). Jt kP
F¥#%35h (North Atlantic Oscillation, NAO). JLX-FEHEFALPRYRY (Pacific decadal
Oscillation, PDO) « AT 4 [ #5 ( Pacific Meridional Mode, PMM ). QBO. Nino1+2.
Nino3.4. Nino3. Nino4 &%, EAZRFEF U LR SMIEE, B
L RPEPE =M+ (North Atlantic Tripole, NAT). #irEIEFESR X —HBURAS

(Indian Ocean basin-wide, IOBW). Fl|#\i 5B EIEEEM M T (Subtropical Indian
Ocean Dipole, SIOD). F#iyE[1 B fEM ¥ (Tropical Indian Ocean Dipole,
TIOD) F5%L.

Ak, FATEHSE Ashok et al. (2007 52 LI X3 SST 5/ A T El Nifio Modoki
83 (EMD, 11HHE 7T
EMI = SSTAc - 0.5xSSTAE - 0.5 %XSSTAy (2)
HAISSTAc~ SSTAp~ SSTAw 7 MR R KPR ER (165°E-140°W, 10°S-
10°N). ZRi (110°-70°W, 15°S-5°N) FIFG# (125°-145°E, 10°S-20°N) [X 4T
B WR R . FATIEMRAE Renand Jin (2011) 95€ 3L 5| A T NinoEP Fl NinoCP
oL RN

{NinoEP=Nin03—aNino4 a:{ 0.4, Nino3 xNino4>0
NinoCP=Nino4-oNino3 0, otherwise

XF BB GORP NI AR RIS AT T R L KIS A2, 2
BRI T R R IR UL A SN ¢ A

(3)



2.2 BRF T EE
a) 18 BRAE

NG R, S TC GBI A AR 2, & n ENSO. B EE Y SST R P SST.
QBO. AO. AAO Z53%, {HZIXLLREME PR -1~ A2 ik I T i/ i B0 A 52 70 B
BV AP H0, B ILG A EAR SR I A R E P [ R AR K R,
2 JF] — A1 R 3% 5 4 AN ST A A B AR SR A D E R — s AR R R
K F. Liang (2014) FEHAME RBITTi, AT LAE MIANTE 28 50N IR 2 18 (¥ 3 g i
PRI LR, AGE I AN 8] 7 A R R B0 H e 2 R 145 B, shRe g iX
BRI R IC R FELRMERBBT, A AR T 50X, HX,, MG B
B IS B U 1) KRS T

_ C11C13Coq1-C12Cran

T, = (4)
2=l C71C22-C11C,

Hr, CtX XZIMMREARY )T %, C gt Xs X ZIRMREA )1 2, X Bk
i ZE 1 AR 2 70 I Bk

X;(n+1D)-X;(n)
An

Ty, =0, WXARXME, RZXZXMEFE, 5545 R R R G
REWREHR, EHIA—EAERRE. A (4 PR kS, HEH T
LYERS, HEFFRRY, B AR M (75— MR B ME (Stips et al.,
2016) o SEFr A I FE A A R 3 A B0 7 W Liang (2014) 1950 .
b) TR RS

AR ACE TRARAEZ 1 S HAR A = AP 8 (1) R Z 5 IEZE iR 4K
(Empirical Orthogonal Function, EOF) X} 1979-2020 4 7-8 H WNP ] ACE %
) PRSP 3732647 0 i, TR 7-8 A ACE 4EFRZIbE S ISR, (2) A
G BT VERT ARSI SZ I 5~ 2 8T, R 1979-2020 4F 1-12 A (3% 504 4>
H) 1 ACE #-FI% 70 7% 5% 2 EOF1 /1 EOF2 ¥, JEEGH HIZ H I 8] Fr 51 JF
AR HEAC AL TR . BEFEIN 18] PP 41 I A5 0 HMECR, FoR1Z H 1) ACE 3 T2 50 B
f¥] EOF1 Bi(# EOF2 ¥R BMFE bk o 2 1 R S S ik o T R, 9
AR R T AH OC R B0 € A& R TR R 7 RIGETT A s (3) FIH Z kg 2 ]
VAT — B PRI TR R, 57 SRS AR 1) &40 (Principal Components,
PCs) TR J7 12 SR 5, A5 FH A2 SR 6 5 4 ) 7R 00 Tt 8] -7 1EAT 6256 (Mlichaelsen,

7
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1987), BAibid LA, EDZEXT 1980-2020 fEMITRIR TR FE R, FHiEN
FHARAE B — 45, AR TR QR SLE TR T R, AT 25 4 (R AR 4y AT A0S
Pl , 22 X459 2 PRI 8] Fp 21 A0 S 46 75 41 R A R F P58 Al A T 77 R 1 52 SR B
TR . BeJa, FIATERERN PCs 5 FHAEM TR, XHEF ACE ¥
ATk, BRI A 1] TR .

X B H A A 7 VA A Wang et al. (20074 Hi 1 AT TR A2 43 1T (Predictable
Mode Analysis, PMA) 7753840, H 2 A 200 A5 B SR A M Fii 5 1
DA BRIRE 98K 20 72 i B AR DG BB UE - 4R TR PR 7, RIS A SR Bl =2 i B (R AN X b
AT7lE e (Liang, 2014), A—@EBWER R R, FHIRMTFHARERF R L R
5 SR IT R Pt TR K 1

3. ACE &4 4E

3.1 ACE HZEFZ4L

M 1979-2020 F=FEALA ¥ (100°E-180°, 0°-50°N) i [ P X 18 F- 241 /) ACE
FRNFE) (B D fLLEE], ACE EViEEREE . ACE M KME AR /ME
S HIAE 9 A 2 A, TC ReEFELPLAE 7-10 H, KDY H B 52 E
ACE W) 13%/ 4. 7+ 8 Fa& WNP Ry Uiei alse A & i H 43, 1 9-10 A
et e A ERZ N 1ok, Y204 R ACE 12 7-8 H A1 9-10
AR AR ZE 5, S R T A AR TR, 8RSt 78 IR ) B 7-
8 A, 9-10 A ACE Giit kA #5821 12

6 1979-2020 ACE 1.0 x 10°

1 2 3 4 5 6 7 8 9 10 11 12
B 1 1979-2020 EPGIL AR FEEX T4 ACE (Ffi: 108m%s?) FZEFTARLFEIR A

Fig.1 Annual cycle of ACE (units: 10°m?/s?) averaged over WNP during 1979-2020
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3.27-8 A ACE X 5HESE

i % WNP 7-8 A ACE V347 EOF /0¥, 15%] ACE R AN ZS (1) 25 [A]
a3 A B R TR R 81 (B 200 ACE AT MRS IR RS 7 229 A 23.8% 1
15.0%, ARUbaAE EAr H S R SRS B35 70 % (North etal., 1982).

PEAL AT E 2R ACE (M8 — RIS M /0 B R RN B AR
PRI IE ACE 5%, Nl —SUMBES, S KA A0 A T B ik iE AR 7 (
2a), WAHMEMR B UAREHE —/Mids. RN fEhO. PCL R &
SRR L, £F 2015 SEIEM KM (B 2¢), Bl —4F ACE [i% 0 A B 5000
AHAL T TC s 5m TC AR KR KSR R REY) (T —ILRI3E
Rr, 1983), it PC1 BIAZIFAE AR R E (B 3a. ¢ o), ATLLER], i
WNP X BEAT 50 78 X, AU N3R A, OLR. AHXHEBFETE ACE 1E R it
(IR R 7 TRl R DA T TC WA UK & R ¥) SST 352 34 #iL [EL Nifio
B, BT AROKTAER SST RS H, AT RE . #4iir WNP A SST %7+
W, PYENEEVEN SST BESH, IXFh SST /A5 FIFLERGH WNP 77248 gl p
Wi, HAREEARER. KIR&ME, ETHEshEE, +aEFIT TC A B
K, HAE TC gR8phbiTid e, Wi AWt ftae s, 3 3El Nifio K JEF58 TC
8%, 6. FEEURFE L ACE A BEIERH.

5 LA TE (120°-150°E, 10°-35°N) X 43 5 2R Ab- 78 7 = 1) A8 A PR B Al 24
ACE #H AT HASUMN & S L LR VR 22 0 L g 22—, S Vhdb-ZRmd 1l
i IR WAL T3 =i 2 T (& 2b). PC2 AR 235 BBk (&
2d), WHLEYE, 76 PC2 MIAUE N, Foma HAIUMN B K 5 B4 2 TC
W% Bk, M SEEREEAN TC WEaP. MK 3by d /I, MW TC i
FNILIE A OLR. AHGHRE . 3 B I 57 b O AR R 7E 5 HLE 93 43 1
AR JT 1), PHERI B2 W R ARSI %, #E1 5 3 TC R 2L MR sk
e AR tH AR AG- P R IR ) ACE S AR AL 4546 . 2 SST 37 (I 30) 36
LA T El Nifio 2 I, #ivity B e Ay WNP A7 .35 1) SST W5+« Ninol. 2 [X
WA SST Memw, JUHZICRPUVEILEA SST Bermi . XA SST 4045 #l
WNP ST HI A5 R Y], WNP REHRAZEHME]. Fylisshn,
T TC AR, BT CAEHARAC 7 16 H A UM 8 S H DURg R T 42 5 B
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YN — 1 ACE fimd, HPGEnTReth THE SST MIAALE, TC WEshiEEk, X
M. ACE N IERH .

o' (a) EOF 1 23.8% o (b) EOF 2 15.0%
.-
40°N 40°N
30°N = . 30°N -
d
20°N - 20°N —

10°N - 10°N =

/
EQ Q rl-/zl-h' y T T T T EQ

100°E 110°E  120°E 130°E 140°E 150°E 160°E 170°E  180° 100°E 110°E 120°E  130°E  140°E  150°E 160°E  170°E 180"

B [ [ [ .

-3000 -2600 -2200 -1800 -1400 -1000 -600 -200 200 600 1000 1400 1800 2200 2600 3000

(c) PC 1 (dPC2
4 4 4
2 2 -
04 04
2 -2
4 4
T T T L T T T T T T Ll T T T T L T T
1980 1985 1990 1995 2000 2005 2010 2015 2020 1980 1985 1990 1985 2000 2005 2010 2015 2020

Bl 2 19792020 FPHILRPIEEEE (7-8 H) ACE P77 EOF 733 8If(a) 25—, (b) 28 K
M CAAL: m¥s?), F EANE MBI Z TR (o) (d) ARTPIMBEER B AR HELL PC

Fig.2 The spatial patterns for the (a) first and (b) second EOF modes of the ACE (units: m?/s?) over WNP in the
summer (July, August) during 1979-2020. (c) and (d) are their normalized PC time series, respectively. Values

in the upper right corner of (a) and (b) represent the variance contribution of each mode
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e (a) Reg 500hPa omega & 850hPa wind on PC1 OBME oo (b) Reg 500hPa omega & 850hPa wind on PC2 0.6m/s
p s > | 2 z i 8
oce - - t -— -
40N & B N 8
i X \d *
o e
30°N = Y TR NN ’ 2
A ¢ <> ; 0
- — .' '\
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10°N = : K B ¥ s 6
[ (G 5 ; y -8
|l ]
100°E  110°E  120°E  130°E 140°E 150°E  160°E 170°E 180° 100°E  110°E  120°E  130°E  140°E  150°E  160°E 170°E 180°
o (c)Reg 700hPa rhum & OLR on PC1 o (d)Reg 700hPa rhum & OLR on PC2
— I 4
40°N = 40°N =1 > 3
2
30N~ &7 30°N = 1
z 0
20°N =e"e 20°N 3
-2
10°N =4 10°N =4
-3
-4
EQ T T T EQ T T T T
100°E  110°E  120°E  130°E  140°E  150°E 160°E 170°E 180° 100°E  110°E  120°E  130°E  140°E 150°E  160°E 170°E 180°
(e) Reg SST on PC1 10" (f) Reg SST on PC2 P
™~ » ™ ~ yar.; = 2
- A A . 4 F o o Y
60N e % ‘,‘l & ¢ 60N |, 4
; : e ! {2
30°N -
1
0
K -1
aos -2
. -3
60°S -4

T G T R | r T T
o 60°E 120 180° 120°W B0°W o 0 60°E 120°E 180° 120°W 80°W 0

B3 AL PC1 (5D, PC2 (£ 5 7-8 H(a). (b) 850hPa /KPR (Fi%k; HAr: m/is; N H

BT 90%E (5 KT A 500hPa T EEE (FA5S; B4Z: Pa/s), (c). (d) 700hPa AHXIVREE (FHRY;

=

: %) Ml OLR (Z5{E%k; ®fr. Wm? XA HIEE 90%EEE /K TFRIEME) PLEeE). () iR (a
: 01K MIEARE AT, 1M ERZ R X EIE R ECET 0.1 5 AR

=

Fig.3 Regressed (a, b) 850-hPa horizontal wind (arrow; units: m/s; only values exceeding 90% confidence level
are given) and 500-hPa vertical velocity (shades; units: Pa/s) and (c, d) 700-hPa relative humidity (shades;
units: %) and OLR (isoline; units: W/m?; only positive values exceeding 90% confidence level are given) and
(e, ) SST (shades; units: 0.1K) in July-August onto the normalized PC1 (left column) and PC2 (right column)

time series. Dotted areas indicate the shaded value are statistically significant at the a=0.1 level

4. PRIRARZURIE L

4.1 TR TR
B F38 I BT R — B X — B AB I ACE (BB FitAT
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9T, FATE 1979-2020 445 H ACE B5-F3% 5 B, 2 EOF 43 fif BT A3 (i

AR, AGHZE A KRS (3 504 S HD HMEbrdefb AT, 28 Projl
F Proj2, HEEZETIE] T HN 4 E K NZ A 1) ACE = [R] 43 A JE A 5% R[] EOF
T RS 7 [A] BRI DA i ks

K 4 i — SO B ACE e [R5 51, 1628 — RS BRI (8] 7 5]

Projl 1, 2015 4 8 A HIL T i RAH: TTE S A IHREL T 7 51 Proj2 i,
AHME R R RUHIAE T 1987 4F 8 H o KW &t ACE T R A P R HEH
FAERFRAEA .

(a) Projection Time Series 1

T T T T T T T T T
1980-6 1985-6 1990-6 1995-6 2000-6 2005-6 2010-6 2015-6 2020-6

(b) Projection Time Series 2

1980-6 19856 19906 19956 20006 20056 20106 20156 20206
B4 1979 4 1 H-2020 4 12 HP5ILKFPE ACE BE-FI7%0 1B 2 o EOF Fif PSS 23 8] 70 A1 AR HEAL 5 B
WHEFS, () R BB T4 AN Projl). (b) BHRELHFEM A4 (1L Proj2)
Fig4 The normalized time series of projection from the ACE anomalies in the WNP from January 1979 to
December 2020 onto the first and second EOF modes in Figure 2. (a) the projection time series 1 (Projl), (b)

the projection time series 2 (Proj2)
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Fig.5 Information flow from SST to (a) (¢) Proj1 and (b) (d) Proj2. The first row is obtained from monthly datasets
of whole year and the second row is obtained from monthly datasets in summer half year (May-October). The

dotted areas are statistically significant at the level of 0=0.1

(a) SSTune (b) SSTuc (c) SSTewe (d) SSTeee
0.6 0.6 0.6 0.6
0.4
o2 T T T T T o
o4
024 _ .
0.4
0.64
2 3 5 3 0
(h) SSTgs
0.64
0.4
[F-X B - I
od
024 o ______
-0.44
064
i2 5 5 3 0 i2 9 5 3 0 iz 9 5 3 0 12 9 5 3 0

K6 AR X TR AT PC1 AR 5 SR 80, FRAE AR AITAR 5 e 22 1 A 0 GBERT— D H AZ 5 THBO,
MR EEAKT 0=0.1 IFHIHIEREL, H+0.260. (a) SSTwwe, (b) SSTmes (c) SSTenes (d) SSTceps
(e) SSTswes (f) SSTaa, (g) SSTras (h) SSTsa

Fig.6 The correlation coefficients between area averaged SST with leading month from 0 to 12 and PCI. (a)
SSTwnp, (b) SSTmc, (¢) SSTene, (d) SSTcep, (¢) SSTswe, (f) SSTaa, (g) SSTra, (h) SSTsa. The black box
represents the month with the largest correlation coefficient (exclude leading month from 0 to 1). The dotted

lines represent the correlation coefficient with statistically significance at the level of a=0.1, which is = 0.260
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AL 25 R00 1 TR N T BRI R 7 20 1045 B, 45 Rk 1 fiow.
FEAF. BB FEAEI A IE SRR R, REg—Mad BB, 5k
R TN TR A T Ak v o AR DL ESD 3R, I SST 37 ki i R K154 ACE
RS 8 ANICEEIX I SST (R FHIL AP i tERRE . JLAF e
R ACTPE S PHRE ATV BB Ny . JAGH K PH AN B K P VE SST, 2 3lich
SSTwnp~ SSTmc~ SSTenp SSTceps SSTswes SSTaas SSTtas SSTsa) X Projl
FRERSEE TR R D, #RE/ETER PC1 &R T

R 1 IXIFE) SST X Projl (15 SRS AR LA S AT H i af B

Table 1  The information flow results of area averaged SST on Proj1 and their leading month

A 90%f% FEfar b CEDER N ERSSEE S

75 (X 15 0

At &t H4E 05%(EEE 90%(EE
1 PEILR P (WNP) (1252150, 0°20N) 3 Eid Eid Eyiiibus ESiiibus
2 KRR (MC) (1002160E, 205-09) 3 B Ex pli:u pli:u
3 LR (CNPD (170E-165W, 25°33N) 3 B Ex pli: s pli:u
4 AR (CEP) (1652135W, 5215N) 2 Eid Eid i i
5 PER P (SWP) (170E-170W, 40220<%) 2 Eid Eid i i
6 R h N (GA) (1382128W, 35°50N) 3 B Ex pli:u pli:u
7 PAFRTEEE (TAD (30W-10E, 175-3N) 2 &t &t &t &k
8 FOKTEEE (SA) (45220, 40228<%) 3 Eid Eid &t &t

TN CA B AR, AL SST 2 X FHAL A TC HIAE UK R IE il sE I,
AO. AAO. QBO. IPO ZiFSHEYS TC iEshZ BB — B R . WAk
THE T % 548503 Projl AUAE SR KX RTAH G 7D, BARIIE Bias R L 2,
HTHREE Z, HaT A RIS B @S BRI 1 R AER 4
. B 7 70 Nino3.4. Ninol+2. Nino3. Nino4. NinoEP. IPO 2:45% 5 PC1
AARLFIIEETT 0-2 DN H BRI R, MCEARI A I ARHAERETT 6 A H LA
QBO #8535 PC1 (AR E L kRS, FLIEHBAT 6 AN A BARIR K, BEAREVER
SST % Projl ¥&A 15 B, (HAABRT 12-5 A K TIOD 65405 PC1 HIAHR 2%
W 7RSS, EEET 11 AN H TIOD 845 PC1 B B T 90% M . 25
EHFIR I S AR BB AT A OC S A5 BIREE R, W T ACE H—faAms, Lk
23 MFE AL TR 7, G5 8 ANXISMERA 15 NMEE (Nino3 4.
Nino3. Nino4. NinoCP. NinoEP. EMI. PMM. PDO. TIOD. IPO. TIOD. SIOD,
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Fig.7 The correlation coefficients between indexes with leading month from 0 to 12 and PC1. (a) Nino3.4, (b)

Nino1+2, (¢) Nino3, (d) Nino4, (e) NinoCP, (f) NinoEP, (g) EML, (h) PMM, (i) PDO, (j) IPO, (k) IOBW, (I)

TIOD, (m) SIOD, (n) NAO, (0) NAT, (p) AMM, (q) AMO, (r) AO, (s) AAO, (t) QBO. The black box represents

the month with the largest correlation coefficient (exclude leading month from 0 to 1). The dotted lines represent

the correlation coefficient with statistically significance at the level of 0=0.1, which is = 0.260
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Table 2 The information flow results of various indexes on Proj1 and their leading month

90% 1 FE AT FEEHT T 4 15 RRL
75 B T 4
44 H R4 95%(5 /& 90%f5 &

1 Nino3.4 2 pibu pl::Bus &t &t
2 Nino3 2 pibu pl::Bus At Bt
3 Nino4 2 & pl::Bus &t &t
4 NinoCP 2 & pl::Bus &t piibus
5 NinoEP 2 pibu pl::Bus At At
6 EMI 3 & pl::Bus &t piibus
7 PMM 3 & & &g Biibus
8 PDO 6 pliibus pli:bus ZSiibus At
9 PO 2 pliibus pl::bus &t &t
10 TIOD 11 g A Eiibus &t
11 SIOD 5 g Adig Eiibus &t
12 NAO 3 &t &t Eiibus At
13 AMO 2 &t pli:pui piibo pi:bu
14 AO 3 il it it il it il
15 QBO 5 A Adig piibo pi:bu

b) B 2 TR E T HIEE

HE 5b. d FTELER], SST X ACE 55 % (Proj2) MIRRESHASE
— WA, B XD B EL, WNP SR B85 10 fus B, BRI
R R FEAR PR ERT PRI AR AL T A R YE R Y, A B K PGP AL s
ERAEIE B (B 5d) TEARILCA L IXIRI(E S SN B35, R H AR
SST 5 ACE HJ28 “HSAFE —EMBEIR K R X5 PC2 X SST #y[nl )4 R % 7>
AR (& 30, BB Ninol. 2 X447 B35 SST I
S, ARRAHRLRME RIRAE REFEARE: M, # s ACF R ) R A5 e
FEI PRI EE SST AR, {5 B L 3 . KR AT SO IR FinE S, G R
TR XIE SST . Pk than &l 5d BRI YA, AT XIS, 3E— 2Dk
S Proj2 GBI (GE 3D, FRlid i mi A SR BT S 5 s A 4. il
8 P, MECT SST #HT PC1 KE S ZEP(E 3 M A, HARE. FLN
WARAGFET . FOKP-# SST % PC2 [sEmI K Z 8T 6 M H LA L, (HZ2AL K73
SST HEHT A F I A OGP B, {5 S UG 06 &5 SR 28 W1 adk Hh 19 P A Vg S 0 e kot
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Proj2 PR R &, WOEEH AR . HLATAEILEm. oA, dbkrm
PE SST (43 5ic N SSTire SSTngs SSTcps SSTna) KAy ACE 55 ARSI Tk
T (£ 3,

(a) SST; (b) SSTye (c) SSTer

K8 [ 6, {HANPC2. (a)SSTirs (b) SSTngs (c) SSTcp, (d) SSTna

Fig.8 Same as Figure 6, but for PC2. (a) SSTir, (b) SSTna, (¢) SSTcp, (d) SSTna

#3 [FFE1, HA Proj2
Table 3 Same as Table 1, but for Proj2
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4 AR (NAD (50220, 50265N) 2 wmit E it i
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PEEA K TEE NAOL NAT. AMM. AMO % ACE %5 544 W BB Ri{E 5,
SRS R (R H R HAHEN A ACE f74E 5 R 5 & BAR Ninol+2.
Nino3. NinoEP. PDO. IPO. SIOD. AAO Xf PC2 B HTAHIS il 715 B G
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4.2 TR

XTI AR TR IR T, 20k g b OF P45, 1988) Hhik
HA BN E, Z7T AR L B TR N — D i R P LS AR T 1
MRS, RT BRI A AR LT, AT S e R IR T 7 72, 2 AT
SR DR T R PG5 o AR D [T 2, X6 T A8 B80T T AsiE A b 2,
M 6 B F (013 3 800 LA 3% AN S 300 A AR B A GS BUiik, SRR 48t
BRR, AL 0 TR & 1 s gk A K

R 5 TR EE S [ A ki R X PC I a] 5 5152 S5 2 A AR A 7 Kk
IS (R TR 7 R PSS (R TR DR TS B350 4, TR A 7 B B R AT T iK1 10%,
B T E AR KA. ZonE BB EIAE H PCL MR T4
SSTyc (-3)+ SSTenp (-3). QBO (-5). TIOD (-11), Bi#ErT 3 MNA (F4HF 4 A
30 BIHEREE R BN AL e A0 SST #2811 5 M H  (H4E 2 A4) 1 QBO
PARARRG 11 AN A CGiT—4: 8 A4 % TIOD.

* 5 ACE PINESEEX R PCs HITR T A2 L B HUR AT, 455t BB AR 8
ILDER
Table 5 Prediction equations of the PCs of the first two modes and their prediction factors, the

number in parentheses represents the number of months ahead

itk kS Tt
SSTyc (-3) (1002160, 205-0°)

PC1'=-0.265%SSTyc - 0.468xSSTenp  SSTenp (-3) (170E-165W, 25<33N)

- 0.320xQBO - 0.278xTIOD QBO (-5) QBO
TIOD (-11) TIOD

SSTya (2D (50220W, 50265N)

PC2' = 0.580%xSSTy, - 0.391xSSTyp SSTyp (-12) (1402160E, 20=35N)
- 0.231XxAMM + 0.257xNAO AMM (-7) AMM
NAO (-8) NAO

PC1 B TR /R R
PC1'=-0.265xSSTyc - 0.468xSSTcnp - 0.320xQBO - 0.278xTIOD  (6)

Soh i — 8 ACE A M HI R F NSSTye (<301 SSTenp (-3)+ QBO (-5)
PLE TIOD (-11), BI-FEE SST. EPEEFEMEN T AR EMAERFEIR G . AT
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CAHTAI L, 7-8 A ACE 2 —#i755 ENSO 'B&AIE, #a7 3 A H MiEE LR
B LA S B AT B SST 47 5% S El Nifio S F i R JE B DIMI 5%, T Al 11 A
H ¥ TIOD w] fig 5 #vity Xt Z#EPI 4 4R  (Tropical Biennial Oscillation, TBO;
Meehl, 1994, 1997) HHLR, WHUERT— 2 3 WNP KU 7 i R 2 2
AEAEIEAR N s S et 5 I HE P 4E3% 3% (Meehl and Arblaster, 2002; Liand Wang,,
2005; Wu, 2008, 2009; Lietal., 2010). FRATHIX YA TR F T 2153 7-8 A
AR ORI (AN 10 fos), HEAT 3 AN H iRe KR LR AR R P
[f174 SST ¥IRE 5L 7-8 H #AH PU AT FRHE X (1 5755 75 KL, 7E WNP 7= A e U
Wit B EE R TIOD $U57 H SRS #viiy AR BT SST 429 i . FAGi PR EN &
FEUA SR PEPE KRG B SST &M s, B 1 AR FAATT 78 B B DA g e R K
BT FR) SST WA A g S 5 , S0 I Ry 1 DR e 6 1 XL R 5 S H I QBO
WEETIEE 7-8 J ity WNP (8508 X%, AIMA AT TC R4 R JEAM ACE
BB H I

son (a) Reg 850hPa wind & vor on -SST,,¢ obas son (b) Reg 850hPa wind & vor on -SST¢ye fr A
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Fig.10 Regressed 850-hPa horizontal wind (arrow; units: m/s) and 850-hPa vorticity (shades; units: s™') in July-
August onto the normalized PC1 predictor (a) -SSTyc(-3), (b) -SSTenp(-3), (¢) -QBO(-5) and (d) -TIOD(-11).

Dotted areas indicate the shaded value are statistically significant at the 0=0.1 level
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AP AL H PC2 TR FH&SSTya (-2)+ SSTyp (-12). AMM (-7)
MNAO (-8), 737X NEEHT 2 N H ([FE 5 B4 WAL KPEY: SST. B R 12 4
A Gii—4 7 A6 MHEAMESE SST. T 7 M Gif—4 12 A4 1 AMM
FEEHT 8 N H (HT—4F 11 A1) [ NAO.

PC2 HITIR AR

PC2' = 0.580xSSTya - 0.391xSSTyr - 0.231XAMM + 0.257xNAO  (7)

ACE 3 S5 RIS PIROUE AHZE, SSTya (2D SSTyp (-12) AMM
(-7 LA NAO (-8) IXPUAPH ¥ = A5 KT SST B mA K, AIA
W FUHE KPP S SST U i R AR IR s ¥R iAL, BETTTREIT WNP B2 K
REMEEY) (Rodriguez-Fonseca etal., 2009; Hametal., 2013; Hongetal., 2014;
Yuan and Yang, 2020); KPFG7ERE S A FTREAR AL, M EZ0E 2 76 JL K -F i
R (Rongetal., 2010; Yuetal., 2015). & 11 (a. cv d) Fias, JbRPERE
ALHBI¥ SST IE S 2> 512 WNP FAGHT K Bl Fhvity i X HH 30 5 8 2R X, AT 380U <
JRVEFR RN, (45 H AR UM 8 K FELAFg v 1 22 5 BT 90 20— 1) TC ¥ 3k
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IR TSR35, H AR I B AR SR A By M AT R A IE %, RIS AE A DAR
VA AR G- R e (SR B, [l 6 2 B, 7RI DA BRI (S R AR T
WNP Hi[X 2> H B %7 ACE.
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Fig.11 Same as Figure 10, but for PC2 predictor (a) SSTya(-2), (b) -SST;1(-12), (¢) — AMM(-7) and (d) NAO(-8)
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Fig. 12 (a) PC1 and (b) PC2 of observation data (black solid line), hindcast (gray dashed line) and leave-one-out
cross-valid hindcast (gray solid line). Values are the correlation coefficients between time series, which all are

statistically significant at the level of =0.01
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13 Distribution of temporal correlation coefficient (TCC) between observed ACE anomalies and the
restructured ACE with the first two EOF modes and (a) their PCs, (b) predicted PCs. The area framed by black
exceeds the 0.05 confidence level. Values in parentheses represent the averaged TCC. (c¢) The pattern correlation
coefficients (PCC) between observed ACE anomalous pattern and the restructured ACE anomalous pattern with
the first two EOF modes and their PCs (dark gray column), and predicted PCs (light gray column) in July-
August during 1980-2020. Values in parentheses represent the averaged PCC from 1980 to 2020. (d)
Interannual variation of observed area averaged ACE anomaly (black column), reconstructed area averaged
ACE anomaly (dark gray column) and predicted area averaged ACE (light gray column) anomaly over WNP.
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