39 6 Vol.39, No.6
2008 11 OCEANOLOGIA ET LIMNOLOGIA SINICA Nov., 2008
%
( 266100)
s 1) (PDO, Pacific Decadal
Oscillation) 22 11 s PDO
, 20.9% 6.7%
, PDO ;
PDO 2) ,
(SLP, Sea Level Pressure) (M1,
Magnetic index) , 22 11 s
13.4% 1.1% 3) 100hPa
, 22 11 5
15.1% 1.1% R )
> , MI
P731.1
, 1890—1924 1947—1976
(Hare,1996, Mantua et al, PDO ; 1925—1946 1977
1997) (shoshiro et al, 2000; Minobe , 1999; , 2004;
PDO , 2004) PDO
: , 1)
(Mantua et al, 1997; hare et al,2000; Latif et
al, 1996; Bond et al, 2000; , 2003; (Rossby) ,
, 2003; Masuda, 2002), PDO (Schneider
, etal, 2002); 2) , 1976  SST
(Giese et
, PDO al, 2002); 3) , 20 70
15—25 (Meridional Overturning Circulation, MOC)
50—70 , )
* , 40631006 40875041 s , E-mail:quweizhe@ouc.edu.cn

:2007-06-04,

:2008-04-08



6 553
, (Mcphaden, 1 1 PDO 5
2002) 1 , 1 PDO
PDO PDO 1946 1978 30 ,
, ; 70 ,
) , 1946
( , 1994;
2_
,1995a,b; , 2004),
( ,1995a,b; , 2004;) =
Q
PDO s A
(solar activity) T30 1940 1950 1960 1970 1980 1990 2000
) ( G
, 2004; Qu Weizheng et al, 2004; , PDO
1 1930—2000 1 5
2003; , 1986; Friis C et al, 1991; Kodera et al, ( )
2002; Bond et al, 2001), Fig.1 5-year running mean time series of PDO (bar) and long-term
(Agnihtri et al,2002; , 2001; trend (dashed line) in January from 1930—2000
, 2000; 2000; , 1994)
(MI, Magnetic index) ’
( , 2004; , 2007),
1 (i)
, PDO
i=1,2,---16 L(H)=04, 1930—1946
i=17,--,48 L(i)=—-0.6, 1947—1978
1 5
i=49, ... 71 (i) =04, 19792000
NCAR/NCEP 17 1 1(‘)+’1 O+40), 1=l
=1 i 0, i=12,.,
1948—2000 S
PDO PDO (i)
53, 2.5°x2.5° )
1G), PDO
(35°N—60°N, 140° W—150°E) y(i):y(i)=PDO=(i)= (i)
PDO PDO(i)
(Hare, 1996, Mantua et al, §2 ZlZ(PDO(Z)—%)Z =0.65 (1)
1997) nio
PDO  1930—2000 1 PDO
2 (1) PDO
2.1 $1=0.2678, PDO
1 , PDO SS



39

554
0SS =((5>-81%)/5%)x100%= 1930—2000 1 PDO
((0.65—0.2678)/0.65)x100%=58.8%  (2) 27 ) 1
2
» 20 PDO 5 22
58.8%, 1
), ,
’ , 22
PDO (1)
(D) 11
1" () , 20.9%,
’ 22
40—30 R
b N b
, S 1.57
S N )
g
) ) Q
[\9
20—10 R )
R 5, e | S S S SO S S S’
1930 1940 1950 1960 1970 1980 1990 2000
, , 5 G
, 40—30
2 1 PDO 22
b S b
N N C )
( Fig.2  The PDO time series (bar) having trend term removed in
s S ), S January and its 22-year period component (dashed line)
11
11 22 ’ 22
5 ’ , (Qu
(2) Weizheng et al, 2004; Qu Weizheng et al, 2007)
50—30 N | PDO 5
o > - 3003 : ()
1 PDO )
’ 22
IM(Magnetic index)
IM(i) s i (Qu Weizheng et al, 2007)
( , 2003) , §
PDO , S
Q
1 PDO 22 &
(
=0.10 ’ 11930 7940 1950 1960 1970 1980 1990 2000
( , 2003; Qu Weizheng et al, oy
2004)), 22 A=0.5215, ¢ =-1.5906 3 1930—2000 1 PDO
, 22 ( . 150)

Bozz(i)=0.5215sin@—’2’i—1.5906j, (i=12,71)

Fig.3 Time series of PDO (bar) in January and the solar mag-

netic index curve (dashed line, divided by 150)



6 555
22 s PDO
3  PDO s 1930
, 1930—2000 , 1900
, , —1929 5 3 5
; ) , PDO
, R 0.65, PDO
PDO 22 R R
PDO 21%, ; PDO
PDO , PDO 0.364,
22 s 1 PDO PDO ,
11 , 11 R 6 PDO
A=0.2117, ¢ =0.2684 R 11 6
1930—2000 PDO
R 5 PDO
BO“(i)=0.2117sin(2—”i+0.2684j i=12,---91
11 , 3—4
11 R PDO 3—4
4 4 ) ; 6 1900—1929
, PDO s s
11 PDO >
, PDO 11 11—13 PDO
, 6.7% , S N
, PDO (
0.6r
I 5); N S
047 , PDO ,
S 02fs PDO 11—13
S A
Q 0_0: \
0.2} ’
, PDO
0930 1930 1950 1960 1970 1980 1990 2000 s , PDO
4
4 1 PDO(%) 22 11 7 PDO 1 ,
«C ) R C ) .
Fig.4 The PDO(i) time series having the 11-year period trend term )
removed and 22-year period component (dashed line) in January and
the sum spot relative number R time series (solid line) ~ 0.50
5
3 0.00
)
a,
-0.50F
-0.10 . 1 1 . )
> ’ 1900 1910 1920 1930
11 6.7%, 11 4
PDO
5 1900—1930  PDO( ) MIG)( )
1 > Fig. 5 Time series of PDO(solid line) and MI(i) (dashed line)
1860—1929 , 1930—2001 1900 to 1930



39

556
R 7 , 20
10
0.80T .
0.40f ’ 1900—19305?\\
S 000 50 1960 1970 1980 1990 2000
' Ay
1930—2000%
-0.40r 7 1 SLP5 ()
e Fig.7 5-year running mean SLP time series (bar) and its trend
_0'8800 4.'00 ' 8,IOO 1200 16.00 (solid line) of North Pacific in January
G
(1) 2 ,
6 MI PDO 52.2%, , SLP
Fig.6 Lag correlation function lines between M/ and PDO
2.2 5 1
19761988 500 hPa SLP 22 22
A=20.385hPa, ¢ =0.5395 , 22
20 70 B022(i)=20.385xsin {[(6.284xi)/22]+0.5395}
(Hare , 1996, =1,2,--53
Mantua et al, 1997) 22 !
SLP R
(35°N—60°N,140°W—150°E) (SLP) ’ C )
22 1 SLP
7 1 SLP ’
7 13.4%, 1 SLP
SLP 1948
, SLP 53 50.0 hPa, ! SLp
0.943hPa/a 22 ;
, k=-50.0hPa/53a= c )1 SLP
~0.943hPa/a, : 5 8 8
L(i)=25.0-kxi, (i=1,2,---53, 1948 MI c )1
) SLP 5
7 R SLP
, 22 , 1
20 40 SLP SLP 22
22 , 1 SLP
SLP , 11 , 11
SLP A=6.2217, @ =0.343 s 11
SLP P(i) L(i),
SLP ] .
@) BO, (i) =6.227 51n(2—”i+0.343j (i=1,2,53)
y(i)=P()—- L(i) 11




6 557
11 () R 23
() 22 1
SLP'5 () 9, 9 ,
, , PDO SST ,
b R b 2
SLP R >
SLP 11
R SLP 11 100hPa
SLP >
, : 100hPa 1948
, ) i , 53 2.93°C,
11 1.1%, 0.055°C /a
11 SLP k=2.93°C /53a=0.055°C /a,
> L()=—1.44+kxi, (i=1,2,---53, 1948
)
100hPa
s
z , 70.03%,
jasi
s , 20
40 100hPa
-0.40 M : - M M M
1950 1960 1970 1980 1990 2000 s
F o 100 hPa
8 1 SLP ( ) MIG) , , 1
( . 5 100hPa 22
Fig.8 The S'LP anomaly time series (bar) having the Ja'muar}'/ t.rend , 22 A=1.05, @ =0.6352
of North Pacific removed and the MI(i) curve (dashed line, divided
by 5) , 22
BO22(i)=1.05xsin{[(6.284xi)/22]+3.14159+0.6352}
i=1,2,---53
22 ( ) 1
. 100hPa
5 ( 10), :
=
R 22 1
100hPa
-30 \ . \ . . . \ . \ 8
1950 1960 1970 1980 1990 2000 ’ 15'13%’ 1
o 100hPa
9 1 SLP ( 22 )
1 100hPa
R ( . 5 1 C )
Fig.9 The SLP (bar) time series of North Pacific in January 22 4
having trend and 22-year period component removed, its 11-year 10( ) 10
period component (dashed line), and the sun spot relative MIG)
b l

number R (solid line, divided by 5)



39

558
1 100hPa 5 s 5
s . 1—2
2 R 3—4 1958
o \ (J.A.Van Allen)
= .
2 o ' ( , 2001)
g W
= S B > B
,1 "N
-2 N N N N . N N N . s
1950 1960 1970 1980 1990 2000 (IMF) 10
iy
10 1 100 hPa ( ) > >
MI(i) ( s 100) 22 ( ) 100hPa ;
Fig.10 Time series of January air temperature anomaly at 100 hPa
(trend removed)(bar) and its 22-year period component (dashed line), ’ ’
and the solar magnetic index MI(i) (solid line, divided by 100) 100hPa ,
100hPa
> 22 R 1  PDO
> i 0.1 11 5
BO11(1)=0.186%sin{[(6.284x{)/11]+
i ’ 0.51155}40.1, 1.35%, 11
’ N 100hPa
b N b
( , 2005; , 2003); s
S ’ I 7
S 5 > 1 1 5 >
> > 1948
’ 4 R PDO 1978
. X
' ; SLP
> 1948 >
100hPa R : ,
( , 2003) ,
> > 22 11 s 22
s > 1 1 N
> R 22
100hPa 1 7



6 559
x1 XTFEKRENETELREEIMARNL. EFERHELILR
Tab.1 The major contributors to the Pacific Decadal Oscillation trend, and periodic terms in winter and summer
100hPa SLP
(%) 1 7 1 7 1 7
58.8 77.7 72.0 75.0 77.8 92.8
22 20.9 6.0 15.1 14.6 13.4 2.2
11 6.7 0.7 1.4 0.5 1.1 0.0
’ , 1994, )
, . ,9(3): 1—11
5 , 2003.
, 33(5):
3 56—72
R s , 2004.
, 47(3):
1948 : PDO 398—404
R s ,2004.
1978 > , 24(3): 285—292
; SLP , , , 2004.
, 11(2): 579—587
s , 1995a. 1
, 26(2):
146—154
, , ,1995b. 11
) PDO 2 ,26(5): 255—259
, , 2003.
1 ’ 20.9% , 61(6): 641—654
6.7% ,PDO 22 11 , 2005. ,
326—327
' , , 2003.
, 8(3): 258—274
) , PDO , 2001. ,23—24
: PDO , , 2003. , 47—48
, 2001. , 3(2):
38—41
(2) ; , 1994,
(SLP) ,25(1): 9—14
’ 2 , , 2000.
) ,36(5): 641—648
11 > . 2000.
13.4% 1.1% , 15(4): 400—406
3) , 100hPa ; ; » 2004.
,23(1): 69—77
R , 1986. 30—50
, 22 11 , 10(2): 204—211
) 15.1% 1.4% ,2003. : L 410—411
s s , 2004.
, , , 22(4):
, » MI 417—429

Agnihtri R, Dutta K, Bhushan R et al, 2002. Evidence for solar



560

39

forcing on the Indian moimoon during the last millennium.
Earth and Planetary Science Letters, 198: 521—527
Barnett T P, Pierce D W, Saravanan R et al, 1999. Origins of tbe

midlatitude Pacific decadal variability. Geophys Res Lett, 26:

615—618

Bond G B, Kromer J B et al, 2001. Persistent solar influence on
north Atlantic climate during the Holocene. Science, 294:
2130—2136

Bond N A, Harrison D E, 2000. The Pacific Decadal oscillation
air sea interaction and central north Pacific winter atmos-
pheric regimes. Geophys Res Lett, 27(5): 731—734

Frankignoul C, 1985. Sea surface temperature anomalies plane-
tary waves and air-sea feedback in middle latituldes. Rev
Geophys, 8: 233—246

Friis Christensen E, Lassen K, 1991. Length of the solar cycle: an
indicator of solar activity closely associated with climate.
Science, 254: 698—700

Giese B S, 2002. Southern Hemisphere origins of The 1976 Cli-
mate Shift .Geophysical Research Letters, 29(1): 1—4

Hare S R, Mantua N J ,2000. Empirical evidence for North Pa-
cific regime shifts in 1977 and 1989. Progress in Oceanog-
raphy, 47: 103—145

Hare S R, 1996. Low frequency climate variability and salmon
production. School of Fisheries University of Washington
Seattle, —96

Kodera K, 2002. Solar cycle modulation of the North Atlantic
oscillation: implication in the spatial structure of the NAO.
Geophysical Research Letters, 29(8): 1029—1038

Latif M, Barnett T P, 1996. Decadal climate variability over the

North Pacific and North America: dynamics and predictabil-
ity. J Climate, 9: 2407—2423

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

Masuda S, 2002. Role of the ocean in the decadal climate change
in the North Pacific. Journal of Geophysical Research, 107:
17—18

Mcphaden M J, 2002. Slowdown of the meridional overturning
circulation in the upper Pacific ocean. Nature, 415: 603—
608

Minobe S, 1999. Resonance in bidecadal and pentadecadal cli-
mate oscillations over the North Pacific: Role in climatic
regime shifts. Geophys Res Lett, 26: 855—858

Pierce D W, Barnett T P, M Latif, 2000. Connections between the
tropic and midlatitude on decadal time scales. J Climate, 13:
1173—119%4

Qu Weizheng, Deng Shenggui, Huang Fei et al, 2004. The in-
fluence of magnetic index abnormal change in solar mag-
netic field on climate at middle latitude of North Hemi-
sphere. Chinese Journal of Geophysics, 47(3): 448—456

Schneider N, 2002. Pierce of North Pacific decadal variability.
Journal of Climate, 15: 586—605

Shoshiro M, 2000. Spatio-temporal structure of the pentadecadal
variability over the north pacific. Progress in Oceanography,
47(2—4): 381—408

Weare B C, Navato A, Newell R E, 1976. Empirrcal orthogonal
Analysis of Pacific Sea Surface Temperatures. J Phys
Ceanogr, 6: 671—678

SOLAR ACTIVITY AND THE NORTH PACIFIC DECADAL OSCILLATION

QU Wei-Zheng, HUANG Fei, ZHAO Jin-Ping, JIA Ying-Lai, LI Chun,YUE Shu-Hong
(Ocean Environment College of China Oecen University, Qingdao, 266100 )

Abstract
stepwise filtration. Results show that it is the solar activity that triggers the oscillation, which gain supports from: 1) the

The decadal oscillation in the ocean-atmosphere system in North Pacific and main factors were studied with

Pacific Decadal Oscillation (PDO) had 22-year and 11-year periods, which matches those of the solar activity. The two
periods are the second important components after the trend term, which contributed 20.9% and 6.7% respectively to the
oscillation. The PDO variation is related to the scale of the solar activity: the stronger the solar activity, the larger the os-
cillation amplitude that in-phase with solar magnetic field variation, or vice versa, weak and out-of-phase. 2) After remov-
ing the descending trend, the sea lever pressure (SLP) in wintertime over the Aleutian Low area shows a periodic oscilla-
tion in anti-phase against that of the magnetic index (M) of solar magnetic field. The 11-year period is obvious after the
22-year-period filtrated. The two periods accounted for 13.4% and 1.1% contribution to the variance, respectively. 3) After
removing the ascending trend, the atmospheric temperature at 100 hPa in North Pacific is largely in phase of that of MI that
shows a clear 11-year period once the 22-year period is cleared, and contributed 15.1% and 1.4%, respectively. Therefore,
the solar activity affect the atmospheric temperature via magnetism change. The variation in absolute M/ value determines
the temperature.
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