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Regime Shift of Winter North Pacific Sea Surface Temperature after
1990 and Its Possible Causes

LIU Kai and ZHU Congwen

Chinese Academy of Meteorological Sciences, Beijing 100081

Abstract The Pacific Decadal Oscillation (PDO) and North Pacific Gyre Oscillation (NPGO) are generally referred to
as the first two EOF modes of Sea Surface Temperature (SST) in the North Pacific (20°-60°N, 120°E-120°W). In the
present study, the authors compared the first two EOF modes of winter SST anomalies in North Pacific for the period
before and after 1990. Based on the impacts of key regional SST changes, the North Pacific Oscillation (NPO), Central
Pacific Warming (CPW), as well as Artic Oscillation (AO), the authors discuss the possible causes of the first mode of the
NPGO after 1990. Our results suggest that before 1990, the first two EOF modes of SST exhibit the PDO and NPGO
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pattern, respectively. However, after 1990 the center of the maximal load of the first EOF tilts to the dateline, and gives

rises to positive SST anomalies north of 40°N, resulting in a negative phase of NPGO; meanwhile, the previous NPGO

changes from a dipole pattern to the triple mode. Analyses suggest that the negative correlation between the changes of
SST in the northern (44°—49°N, 151°-177°W) and central (28°-36°N, 152°-178°W) North Pacific could have resulted in
the internal shift of the dominant SST modes after 1990. Evidence shows that the NPO played an important external

forcing in enhancing the NPGO after 1990. Based on wind-driven oceanic current theory, the increased amplitude of NPO

in Sea Level Pressure (SLP) may intensify the polar gradient of the SLP along 45°N, enhancing the zonal sea surface
winds, and causing the NPGO mode to prevail after 1990. The increase in CPW and AO may have enhanced the NPO by
intensifying the southern and northern branch of the NPO in Hawaii and Alaska after 1990, but there is no evidence to
show that both these factors were closely related to the NPO before 1990.

Keywords Pacific Decadal Oscillation, North Pacific Gyre Oscillation, Decadal change and causes
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KAFFEAFACRRYS  (Pacific Decadal Oscillation,
PDO) FIE R FyE WA lEdR % (North Pacific Gyre
Oscillation, NPGO) 43 7l 3 7~ B A& b A V-7 v

(SST) AlfgREE (SSH) 9 FIEACER ¥y L
% (Mantua et al., 1997; Di Lorenzo et al., 2008). H:
1, PDO $R/2& 20°N LB P K3 5 7518 4K
SPYE SST FEARARRRIS ) RUEE B Beet 2 ik, 4
PDO &b T IEAIAHIE, 20N BLAGHI VG AV i AS
2, TARTE R KRR SST Z8%0% . Di Lorenzo et al.

(2008) >} SSH ##LEE4T EOF Zr#r kI, ALK
SEVEX 45, 25°~62°N, 180°~110°W)SSH 1] EOF
5 AR I AU S R ARRAE , R AR RS
SE SCH AL R EdR ¥ (NPGO), St W s i
FPHIFR A NPGO $5%0. 24 NPGO $R¥CH LR,
FA S SSH A 1E S Hhly, 0 R 30 E SR 24 5
JEEB SSH Ay G S ol N P 3 g S 338 I A3
Wi, BB NPGO [FIEALAH, [ZWFRA NPGO
(AL AR . SR PDO HII NPGO I 5E L4355 1k
K SST A1 SSH 137 (] EOF J3#fr, {HJZ Di
Lorenzo et al. (2008) & IILA V-7 SST i) EOF 28
TR YR BIE; Bond et al, 2003) 5
SSH 7] EOF # —#iZs (NPGO) {E=5 [l 434 A7
L= EIARARL, B[R] R B ARG, Kk, PDO Al
NPGO n] AH g A A6 K-F-7 SST 5% SSH ¥ (1) EOF
P /MEREES, e R ) b TR A AR e R
[ EEARARRAE o

TR IR, PDO i 5% 0 ENSO A= A il
SRE, WEMFEENSO 5 R W2 K il O R kA
B (MBS, 2004; HEMSE, 2005; Fa%
AREA], 2013), &Z=[f) PDO 5 [H] 3 1l B H ARG s

RIS AT AE R P [ Be et %4k, PDO 7] DL ik
SO v 26 T A T g — [T 22 TR PR A 2 50 2R I A
Zo PR 8 B P A EL RS (Zhou et al., 2007; 2
2245 2011; Chen and Zhai, 2011). 5K
I, HEHZEEK L TR B 2R K AR br R
Ak 5 PDO IALAHAAEAE B DI R (45,
2010; Qian and Zhou, 2013; FRZLFIAEIE, 2013)

DL AR AP AL ARSI AF A2 4k 5 [\ PDO fi/
HHBEVINRZ CHAEERHEITG, 2006). K,
—HELIk PDO A A A2 5 M b - BRI AR P 28 AT
ARBRAZ A1) o HE B R - 2 — o 4R1MT, Bond et al.
(2003) &I, 20 thA! 90 FFEACE I, JE A P SST
(1) EOF $i—Mi& L& 41 PDO fAE B E £ R, JF
H Park et al. (2012) F&H! 1990~2005 4F 1 [1] 4 V. 2=
PSS R A TLAE T RIALTRAS 1990 4FZ B A7 AE 22
12 5. fift, Yeh et al. (2010) % 1956~2009 4F
AP 42 SST 143 B Btk AT EOF 43 #r R IN,
SST ¥ EOF 5 — A 7E 1956~1988 4F 4 PDO %,
TMAE 1977~2009 43 4 NPGO %4, SST ) EOF
P A R AR TR IR I TR K AEAE. 1990 4R T -

M AT B, 1990 2 5 NPGO ¥ B 2 4
In (Bond et al., 2003), MRS R BoR, K
3 100 4E (2000~2100 4F) NPGO (R 1E K4 fn
38%, 1fi PDO [kt k/> 58% (Cummins and
Freeland, 2007), _FiR45 RN AR NPGO KR A
AFRERCN AT 1 R .

Di Lorenzo et al. (2010a, 2010b) A NIL K
X RS (1) U 5 AR TE R AL ENSO
FAIZ A VIR SR TG AR
ENSO Fl 1 #3% ENSO 4 514480 78 #4317 SST EOF Hij
PIAMEZ T (Ashok et al., 2007; Kao and Yu, 2009;
Furtado et al.,, 2012), [, {R&E S HfE PDO Fi
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HUBML TP AR P 30°~40°N i), i NPGO #
AU BL A BT Y P (20°~30°N) AT 400~
50°N ZRACACT-AE X ¥ SST Z [l Bk 121,
IR IR AR TG HAZAERE PDO F1 NPGO B
RIEE . S, ASCREIE AETFE R ERL |, A8
Hi PDO I NPGO M HEX i, LA ACEATTZ 0] 738
RS EHE 7R PDO A NPGO 7E 1990 4E ()i K& 2E
FHAS IR N AR R R o AEBCERRRY b, Tk
KPS (NPO), FRIEACFFE P EAZE (CPW)
ML %S AO HISENE 38T, 487 T AP HE T
AAE 1990 -2 5 I n] REAMA A o
2 HZRERE

AT ZERE: 1950~2014 4= 1 18] )
% [H NOAA (National Oceanic and Atmospheric
Administration) [ ¥ %k (ERSST.V3b),
IK43HE Ay 2°X 2° (Smith et al., 2008); 1950~
2013 WA A9 [E Hadley PR AL ) H 1 240
OB (HadISST1), JK-F-73 #8404 1°X1° (Smith et
al., 1998); H-FIifEif Uk (SLP) FXI7 5k}
Y EY B2 [H ) NECP/NCAR (National Centers for
Environmental = Prediction/National  Center  for
Atmospheric Research) FR/rHTHERL, KV HER K
2.5°X2.5° (Kalnay et al., 1996). A3 K] NPO
FEHON ALK P A R R T U e 5 AR IE g i
EOF 737 55 a0 W (115 ) F 41 . PDO F580E X
A 200N DUJE R PRl 575 (SSTA) EOF 545
AN I H] 2220 (Mantua et al., 1997), NPGO #&
FONRACATFEEIX Sk (25°~62°N, 180°~110°W)
MR e (SSHA) [¥) EOF 58 —REAX Y. (1 I
il %% (Di Lorenzo et al., 2008). PDO Fil NPGO #
gkl 4> BB H  http:/jisao.washington.edu/pdo/
PDO. latest [2014-04-01]F1 http://www.ocean3d.org/
npgo [2014-04-01]. AO 5%k b3-3k 1000 hPa fif
P B EOF 73 M7 28— BRI (8] 32 41, BRHI
H  http://www.esrl.noaa.gov/psd/data/climateindices/
list [2014-10-01],

FEXS B DRl R B (1) AR OE R oA
AR T EF%) EOF (T-EOF) J5i%, %7k

FALF T o srit (PCA), {H EOF Fiz&KR 12
FORHEIX SST 4 Z W] (1IN TH) AL AH DR &R 1 B
PC R W2 N AL AT R AR BN R 224 . ASCrh
KRG BRI AN ¢ Rk

3 XFLERFFHERERSEUR
HAARAE

B 1 RoRIF02 1950 4F 1 H % 2014 4£ 2 H PDO
HINPGO F5ELIN (AP 41 3 10 4538 B AH O R £
Atk (PHEE 1950~1959 Sl A< R 8, Fdi THs
FHE R BOCAE R 1955 4F, 415 1951~1960
SR AR DG RN, FRATPRAH S R BCAE 1956 47 LA
HEHE) . Wi FT7~, PDO 5 NPGO %31 W
AEARER AR Ak, ELPIE 1 A AR — 3. NPGO il
A _E 2 90 AFARERI H W R ia %, iX 5 Bond
et al. (2003) ML R —3. HHTmfaEczim 10
W SIS R AT UL, PDO A1 NPGO $540H I
2t 90 RS B IEAH GRS OG, I HARRE
NPGO FrAHR IR 58, P )P SR DG R 45 I S
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AL T 0.50, T T 95%MIAE IR .
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S NPGO [ M 456 A —3, JF H PDO
FINPGO MR A ZRIA B K. Ak, ASCEIL
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5 NPGO #50i (KT — bt ZEIAE 0 2 X
24 PDO Fl NPGO (15 1 (41 £ AH4E . EHL¥) PDO
IEATAHAEGY 1983, 1984, 1985, 1986, 1987 4F,
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NPGO [IEM A4S A 1999, 2000, 2001, 2002
2009 4=, SANTAHI A WL A 1992, 1993, 1994,
1995, 1996 4F. T NPGO 7 1990 4F 2 5 IR IR
A, $e M FIRARUEPTIEEUE NPGO ¥ H) 3 1E 5147
FHAFAR 3 I AR AE 1990 4F 2 )5

2 FRHE 1950~2013 442 PDO Al
NPGO 5t 1E A A AH AR 73 )6 N (R i, < A
850 hPa X7 5w &5 ¥l . 7E PDO IEM A4 (]
2a), SST ' /3 AR A ALK R SST 11
S RIE R AOKEE SST IE S8 2 18] I B e AR
Ak, FF HAEBERT R AR naE, B 850 hPa
RS SREPE IR U AR T 300N B (1 4 2%
FaRTH . PDO AT AH I I AR AR 5 2 A e (P
2b). 4 NPGO 4T IEAIAHET (B 2¢), ARAGK P
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Fig. 1 Normalized time series of monthly PDO (Pacific Decadal Oscillation; black line) and NPGO (North Pacific Gyre Oscillation; red line) indices during
1950-2014. The blue dashed line indicates the 10-year running correlation coefficients between PDO and NPGO indices
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Fig. 2 Composite fields of SST anomalies (shaded; units: K), sea level pressure anomaly (SLPA) (hPa) (purple dashed contours: negative anomaly; purple
solid contours: positive anomaly), and 850 hPa wind anomaly (arrows; units: m s ') for the positive and negative PDO and NPGO years in DJF (December,
January, and February): (a) Positive phase of PDO; (b) negative phase of PDO; (c) positive phase of NPGO; (d) negative phase of NPGO. Marks of ‘A’ and ‘C’

indicate the centers of anti-cyclone and cyclone in the wind anomalies at 850 hPa, respectively
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Fig. 3 The first two EOF modes (EOF1 and EOF2) of winter SST and their two principal components (PC1 and PC2) in the North Pacific (20°-60°N,
120°E-120°W) during 1950-2013: (a) EOF1; (b) PC1; (c) EOF2; (d) PC2. The black square frames indicate regions of the largest loadings of EOF1 and EOF2
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Fig. 4 Same as Fig. 3, but for the time periods of 19501990 and 1990-2013, respectively
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HELH, PC2 5 PDO fR¥ I IAHC R %R 0.71,
115 NPGO Z [H][FJAH G R EAh 036, htknl U,
1990 42 J5 & Z=A6 KPR ) EOF i i/ Msi
FIRf A= T 3, BOF1 HRHET 1990 4EZ R
NPGO fifr MAs A, 17 EOF2 JU) i J5i ok i) i Ak 13t
AT AT . ORI EOF i P AMSEAR IR 1
FNBE T A N i PDO Al NPGO B[ 1 3,
HARTT A PC REUKAR S PDO Il NPGO R4
B A7 A 0k 25 HuAR 0%, {H 2 i EOF Ry MRS Bk
2t (1) PDO 1 NPGO FARFRIN H B W (1A 7

Hi4 1950~2013 442l EOF Ay M
(3 [ g i de R0 (B 3D Bfi 1 LT 3 N
S (R BT HEX IR, B AR
5 (28°~36°N, 1520~ 178°W), b K F k&
(44°~49°N, 151°~177°W) FIPH LA 7E Bl FAH;
Hu[X (22°~28°N, 145°~170°E), ¥ ik 3 X
AR IR T4 0 g XN Index 1. Index2.
Index3, 2 Jrks id = ANHEE 500 % [ A AL
ORI EAT A 8 CEIRG D . &5 3R,
SST X} Index1 [)[RI)H & % 3 BEK A PDO il
REASHRAE, 1 SST %) Index2 1 Index3 (1)[H])H £
7 W% Y NPGO 173 MBS R AR, R Bk = A
S IX (i AR {5 PDO Fil NPGO 145 AR A I
AR REAFAE VIR . UAL, = AN SCHE X R TR
415 PDO FINPGO ¥4 X R £ W7, Index1 5 PDO
h 2 A OGO R (KR EA11A-0.74), Index2
5 PDO #1 NPGO 4 F M HAARHIR R (AR R
093 9 h—-0.53 F1-0.63), i Index3 5 NPGO 5 &
FMIEA KRR KRR 0.55),
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Table 1

Index2, and Index3 and the values in the brackets represent

The correlation coefficients between Indexl,

the correlation coefficients between the 5-year low pass
harmonic components of the three indices. Value with ‘*’
represents pass the Student 7 test at 95% confidence level,
R12 represents the correlation between Index1 and Index2,

and definitions for R13 and R23 are similar

FHIC R
I ) B RI2 RI3 R23
1950~1990 4F: 0.55% (0.55%)  0.05 (0.14) —0.57* (—0.58%)
1990~2013 4F  —0.24 (—0.45%)  0.50* (0.61*)  —0.65* (—0.85%)
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Index3). North Pacific SST is reconstructed by the first two EOF modes
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(a) 1950-1990 EOF1

23.2% 23.2%

0.40
60N ]
0.20 3
= ; il II I III
40N Q  0.00 gy T T T
SN | L || LIt [ LW
—0.20
20N —0.40 3
| I
120E 150E 180 150W 120W 1950 1955 1960 1965 1970 1975 1980 1985
Year
(b) 1990-2013 EOF1 28.1%
0.40
60N ]
0.20
40N 4 0-00':
—0.20
20N —0.40 3
- ’ T T T T T T
120E 150E 180 150W 120W 1990 1994 1998 2002 2006 2010
Year
[ [ NNEEEEEEEEEERNE

-4 -32-24-16-08 0 08 16 24 32 4

B9 L KPEE47E SLPA 5 SRRl JE EOF 73 #r: (a) 1950~1990 4F; (b) 1990~2013 4
Fig. 9 EOFI and PC1 of winter 5-year low pass harmonic components of SLPA in winter: (a) 1950-1990; (b) 1990-2013



N W 39 %

936 Chinese Journal of Atmospheric Sciences

Vol. 39

S KO R P FE R B, A S B IR B P T R
TARAEA L, AN O T BT DL
X, EOF BLZRIN IR NPO F§fiE. L& SLP
FEHCFEUT 45°N BT AUBE IG5, ki s T
45°N 4 [n) W73 TR

Wk KAEFALEL,  FRATE NPO Rl NPGO K5,
ARRE A A UM R, b, JERF
R A T XU O R B A6 VR T KRR S
P CEREFRTT (2545, 201000 W 2h B R R RS
REE, iR u 5505 p AR CR (R
W RRAE, 2007):

uzu=——L93, (D
o fpoy

A, u ot X, S AEKE I INESE, £ FRoR
KAEE, fRRMFESE, (1) R 7E X
e B TR AR WA y JT IR, Bt
PL NPO AW T R T AR 8 1 or A, &
) o FEE 3 S I T M [T PG e 35 o [RIRE T T b i it
HERRERG, iR uo 513 po I L
ORGP 785, 1999):

U, zugo :_%agj >

S P 2)
Pe

o PoE-

X, o, RRIEKE L, g, FREIE R I HLEL U
ZREHEACRE TR QS H7ESE, 1999):

Py =P [1=a(T =T)+ y(S -], (3)
A, TOMIKIREE, S MEKIERRE, Hdp,,

Ty Se NWEKEE. W, SRR, nTHCY
WHG o,V O RN R R K A AR TG
Ky KM uo MEEE T N z KT, FRARETTHE
(3) AP ATTRE (20 g )1 J7 R m] A4S 3]
ou, Oy, g 3p, g p, _

0z 0z fpody [fpoy

giX—aT+yS)_—ag§Z

A y [
(4) W E RARF B, XAERR G
W) LMBRRE KT G KB s
e W4 NRTHn, e mum e I
HEZIE TR CGpE) MEmBE. X (4)
AL TE H 7 1) B2 73 Bl A
Uy, —U,, —gadl
Ar o f
Hh, uy, ARFR, u MR, Az RIRIKE,

RKIZMERTRER, WBLEFEERENA

4

(5

u, - 82T, T (6)
o
R ERA R G IER TR (D

Z B

1 NPO ARAS AT IEALARRS,  AbE V- i<k
UIE T S K WA NI 58 2 A 5 SN (TRa WA N YV TN
XA FAEACTEE 45°N, R4 A (D, HEHEE
PNV = QT b ks L P I RSes R
i (KEO) LR (NPC) Mg, H (6)
AT, YT RS R, ARG R SST L8 [ 1
FEMBER, IXFERLA R SST b 4 pg IE A,

4.0 -
2.0

0.0

Value ¢

2.0 -

4.0 -

T T T T T T T T T
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

Year

K10 1950~2013 4E4Z= NPGO $5%055 NPO 5% 10 4E¥E 5N ¢ /it . 20 R sk /0 A E RS & NPGO Ml NPO F5 08 5h « Kl r ¢« {1, Bk

AR 95%(H B ¢ A
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Fig. 11

The leading and simultaneous regression coefficients of SSTAs (units: K; shaded), SLPAs (units: hPa; purple contours, the dashed lines represent

negative regression coefficients and the solid lines are positive regression coefficients) and the wind anomalies at 850 hPa (arrows; units: m s ') on AO (Artic

Oscillation) index and Niflo4 SST index during 1950-1990 in winter
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