40 4 Vol.40, No.4
2009 7 OCEANOLOGIA ET LIMNOLOGIA SINICA July, 2009
*
( - 266100)
(SST) 38°—42°N, 158°E—172°W

35°—42°N, 172°W—145°W

113 EE)

1976 R (13 2
P731.21
) (SST)
, Namias (1970, 1974)
(SSTA)
, (
SST )
, SSTA
(Reemergence Mechanism) SSTA
) SSTA
SSTA ,
SSTA
, SST
Alexander (1994)
, Alexander
(1999) ( )
* , 40830106 40676010
,2007CB411803

: E-mail: liugy@ouc.edu.cn
:2008-08-15, :2009-04-12

, , SST
SST
1976 ,
, SST
Michael  (2002)
Hanawa  (2004)

>

(co-located reemergence)
(remote reemergence) ,
(Sugimoto et al,2005)

Namias(1986) Namias (1988) SST
, Ting (1993) Graham (1994) Lau(1997)
SST s
SSTA ,
SST
, SSTA
( , Ekman ) ,
SST )
(973)

, E-mail : ruchen@mit.edu



408 40

1958 1 —2001 12

, - 1976 SST , Woods Hole
(Nakamura et al, 1997, Mantua et (OAflux), 1°x1°,
al,1997; Zhang et al,1997), 1983 1 —2001 12 OAflux
Wm™, ,
SST SODA
SST ) )
1976 , SODA
SST ®= & 7 & & A
, - J. Physical Oceanography 2001
2005 (Huang et al, 2001; Wang et al,2005)
1 2 SST
SODA SST
, 1.4.2, 0.5°x0.5°, , 3 SST
FEcc3™
-0.6 -0.3 0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4

gl |I ..|||.Il|I

0 __II

EOF %5 — 75 AR AL I 18] 7 51

1 3 SST ( ) ( ) 18.59%)
Fig.1 The pattern of the first EOF mode (upper) and its associated time series (below) for March SSTA during 1958—2001(the squared
covariance fraction is 18.59%)



4 ; 409

I( ) 3 SST 3 SST
, , , SST
SST «“ ” , SST 1976—1990 , 1960—1976
() , SST () (Liu et al,20006); ( )
35°—42°N, 160°E—145°W 3 3 SST
SST () Alexander  (1999)
SSTA“ ” «“ ”(38°—42°N, £ 7o
160°E—180°) ”(26°—42°N, 164°—148°W) 77
1 SST ,
, (26°—42°N, 132°—116°W) , A B C D SST
1 3 SST
[ 1C )] Alexander (1999) , 1
, 10 1963—1977 5 3
, 1978—1989 , SSTA ,
1990—2001 ( 2 ) 2 , 1—5 0—
, A(38°—42°N, 158°E—170°E) B(38°— 200 m 3 SSTA
42°N, 170°E—172°W) C(35°—42°N, 172°—160°W) 0.6, 6—11 80 m 3 SSTA
D(35°—42°N, 160°—145°W) , 80 m
SST 80 m

> >

5

60 0.3
N
& \ o8
% 150 0 0.

0.7
210}
240} 0.6
. ; . . .
2 4 6 8 10

it iEl/A

12 14 16 2 4 6 8 10 12 14 16

sof
100
150}
200
1SS
250}
300F
350f

10
B 1R}/ A &)/

2 3 SSTA ( ) > A B C D )
Fig.2 Lead-lag correlations between SST anomaly in March and temperature anomaliesy in the certain depth from the previous January
to the following May in the selected regions. The upper left, upper right, lower left, and lower right parts panel are the vertical structures
of correspond to Areas A and B, C and D area in Fig.1, respectively



410 40
11 3, 320 m D
0—80 m 3 SSTA 1 80 m ,
, 12 0.3 7 160 m Deser
A SSTA , (1996) ( CD y @3
& ) 1970
) B , 1 100 m,
R 2 2,3 2
03 2 )
A SST
1984—2001
11—3 ( )
3 SSTA ( 3 ),
( , SST
), 3 SSTA
, ! Fi 1l A
3 SSTA (0.4) > 3 AB C D 3 SST
3 SSTA
, ( , Fig.3 Correlation coefficient between the lead net heat flux
SST ) anomaly and the SST anomaliesy in March for Ar.eas A, B, C and
D area. The absolute value of the value on x-axis the abscissa
SST R represents the leading month of heat flux anomaly
SSTA (
) A SST R 20°—45°N
B B
SSTA ( D 3 SST , 3
y B A ) a2 )3 ( 4
ST ’ . B 3 200 m, D 2
A B SSTA ;3 B 35°N ,
0.4 ,
C D A B C 400 m (12 ), 3
( 2 ) B )
, D R 12
SST «“ 3 D
» 3 12 12 12
3 SSTA ( A C B D
0.40), C SST A B SST ,
D C , C D SST )
, SSTA « 7 >
( , 2006)
, CD 300 m 4
3 SSTA (  06) A B ( ),
, ( 3)C SST :
3 220 m , C D ( )



4 : 411

SSSwAN =T
100 100N~ N7 >~ — == 100} (\
\/\O.N/ﬁT—\ L 0.40
0.4?/ 0.60 - - ]
g 200 g 200 —\ﬁﬂ 5 200 0.20 -
£ £ < #
¥ 300 ¥ 300f X 3001
o 051
400 400F a00f N,/ 0.51
—~ . AN 040
3 35° 40°N 35° 40°N
C
s SO :5_< ) 0.20
—“——'—’_,—QAL —— I
100 100F 0.51 T\/\ 100F= = ~====> =
_>/0.40 0.60 7>~ 0.0, ¢ <
200} 200 / \/\/ 200F 0.51 —0.60
E 8 E . \
£ £ T £ | 0.20
) = 0 0.20 i
5 300 020~_— * 300} ¥ 300 ) Q
400} 400} 400}
35° 40°N 35° 40°N 35° 40°N
4 3 SST , G )12 () 30

( B , D ) 12
Fig.4 The correlation coefficient between March SST anomaly in Area B (D) and zonal mean of temperature anomaly in Area B (D)
respectively in March (left), December (middle), and the March in of the second next year (right) (upper : Area B, below: Area D area).
The dashed line is the mixed layer depth in December

SST 0.4; 1976 ,
0.4, 1976
4 SST
” , SSTA 1976
Sugimoto (2005) , s s
172°W () 3 SST 1958—1975 1976—2001
38°—42°N  35°—42°N , , ,
1958—2001 15 3 SST , 1958—
C D ( ), 20 70 1975 SST , 1976—2001
0.4 , SST ( )
; A B , 1976 1976 ,
, 1976 , ,
A B «“ ” 1976 , ,
SST 1976 1976 ,
., A B ( ) :
1958—1975 1976—2001 , «“ ?
, 1 5 ,A B ( )SST
3 SST ,
, 1976 “ ”

, 0—300 m 3 SST SST



412 40
5 Graham N E, Barnett T P, Wilde R, Ponater M et al, 1994. On the
roles of tropical and midlatitude SSTs in forcing annual to
SODA OAflux > interdecadal variability in the winter Northern Hemisphere
SST circulation. J Climate, 7: 1416-1442

A(38°—42°N, 158°—170°E) B(38°—42°N, 170°E—
172°W) C(35°—42°N, 172°—160°W) D(35°—42°N,

160°—145°W) , (A B
C D ) ,
SST
(A B ) SST
(C D ) SSTA
A B C D SST
, 1976
A B
A B
SST
» ,A B SST
40°N
» SST , :
38°N
SST

Bigt R AP, FImF AL XIEFHK A
WHEAFERET ZHOEN, BE-KAMELMEAR
58 2%F L A TRFHHF B, ERHM.

, 2006.
,28(2) 22—28

Alexander M A, Deser C, 1994. Mechanism for the Recurrence of
Wintertime Midlatitude SST Anomalies. J Physical Ocean-
ography, 25:122—137

Alexander M A, Deser C, Michael T S, 1999. The Reemergence
of SST Anomalies in the North Pacific Ocean. J Climate,
12:2419—2432

Deser C, Alexander M A, Michael S T, 1996. Upper-Ocean
Thermal Variations in the North Pacific during 1970—1991.
J Climate, 9: 1840—1855

Hanawa K, Sugimoto S, 2004. “Reemergence” areas of winter
sea surface temperature anomalies in the world’s oceans.
Geophys Res Lett, 31: L10303

Huang R X, Wang Q, 2001. Interior Communication from the
Subtropical to the Tropical Oceans. Journal of Physical
Oceanography, 31: 3538—3550

Lau N-C, 1997. Interactions between global SST anomalies and
the midlatitude atmospheric circulation. Bull Amer Meteor
Soc, 78: 21—33

Liu Qinyu, Wen Na, Liu Zhengyu, 2006. An observational study
of the impact of the North Pacific SST on the atmosphere.
Geophysical Research Letters, 33: L18611, doi:10.1029/
2006GL026082

Mantua N J, Hare S R, Zhang Y et al, 1997. Francis, A Pacific
interdecadal climate oscillation with impacts on salmon
production. Bull Amer Meteor Soc, 78: 1069—1079

Michael S T, Alexander MA, 2002. NOTES AND CORRES-
PONDENCE on the Reemergence of North Atlantic SST
Anomalies. J Climate, 15:2702—2712

Nakamura H, Lin G, Yamagata T, 1997. Decadal climate vari-
ability in the North Pacific during recent decades. Bull Amer
Meteor Soc, 78: 2215—2225

Namias J, Born R M, 1970. Temporal coherence in North Pacific
sea-surface temperature patterns. J] Geophys Res, 75: 5952—
5955

Namias J, Born R M, 1974. Further studies of temporal coher-
ence in North Pacific sea surface temperatures. J Geophys
Res, 79: 797—798

Namias J, 1986. Persistence of flow patterns over North America
and adjacent oceans. Mon Wea Rev, 114: 1368—1383

Namias J, Yuan X, Cayan D R, 1988. Persistence of North Pa-
cific sea surface temperature and the atmospheric flow pat-
terns. J Climate, 1: 682—703

Qiu B, Huang R X, 1995. Ventilation of the North Atlantic and
North Pacific: Subduction Versus Obduction. J Physical
Oceanography, 25:2374—2390

Sugimoto S, Hanawa K, 2005. Remote reemergence areas of
winter sea surface temperature anomalies in the North Pa-
cific. Geophys Res Lett, 32: LO1606

Ting M, Lau N-C, 1993. A diagnostic and modeling study of the
monthly mean wintertime anomalies appearing in a 100-year
GCM experiment. J] Atmos Sci, 50:2845—2867

Wang Q, Huang R, 2005. Decadal Variability of Pycnocline
Flows from the Subtropical to the Equatorial Pacific. Journal
of Physical Oceanography, 35: 1861—1875

Zhang Y, Wallace J M, Battisti D S, 1997. ENSO-like interde-
cadal variability: 1900—1993. J Climate, 10:1004—1020



4 ; 413

ANALYSIS OF FORMATION MECHANISM ABOUT SST ANOMALY PERSISTENCE
DURING LATE WINTER IN THE NORTH PACIFIC

CHEN Ru, LIU Qin-Yu, HU Hai-Bo

(Physical Oceanography Laboratory & Ocean-Atmosphere Interaction and Climate Laboratory, Ocean University of China,
Qingdao, 266100)

Abstract Based on the reanalysis data (monthly mean of temperature and salinity) and observation data (monthly
mean of heat flux), it is detected that in the west area(38°—42°N, 158°E—172°W) and the east area (35°—42°N, 172°—
145°W), the late winter Sea Surface Temperature Anomaly(SSTA) persists quite well. The formation mechanism for per-
sistence phenomenon of SSTA is analyzed in both areas. It is found that the “reemergence mechanism” of the mixed layer
is dominating formation mechanism of the SSTA persistence phenomenon in west area; while the contributes of heat flux
persistence anomalies is dominating for the persistence of late winter SST anomalies in east area. In addition, in west area,
considering the decadal variability of the seasonal different of the mixed layer depth, the role of “reemergence mechanism”
is more important after the 1976 climate shift due to the increase of the seasonal different of mixed layer depth by the in-
tensification of the westerly in the North Pacific.

Key words Sea Surface Temperature, Reemergence mechanism, Heat flux, Decadal variability
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