I

JERFH#, EXFEFSESTHL RS KISE

EXFeE EREFETEEEUEEER BRI RTHEE
OB

AR NCEP/NCAR. COADS. R#ENAFE . B BERHH
#EL EREXFEMMTMCA) « HE, SREAXEHFEMTTITFE,
ExEFEFHEETHALEANSI ST, BiTLKEEEEEE (SST)
REXNKANEW, 5T EBUARYAESELAPABERKARENX
i FIHTIARESSTRE., BRABERER S00hPa B HEZRE=F
ZEFHEEERAXE, B TUTHUFENRE:

-~

EILAKTFHE, BRTAZRBNAFTKFHE ENSO BHAKRI R RERHE
25, RMEATAZBHEATRELZRAN “RUERHIES": PRER
FRAMEXFREREN DR SSTRENWE RS FRFIRNARRE: B
FFILRTF SST RETREANKEREXSHAE B FRBIERZ—.

AATHESGBUARDABEALATFELEBENRAREEREN
MEXR: ARKEEEURBHAAESEHEMN, £FELRFENKTIES
MRS REBH, TS5EMNE 500hPa KSNAXREHIAT MK HRE
EFNRERERARS. LXRAXHATERE, RZFR.

MK REK, A RAEH 2-3 ANRERRE N ELILATH &S
REMSH—FRENDEE SSTREFX: H—FREIHHSSTRYETER
RHNBRAGEREHEANER: LIXMHSSTRERRE, EXBLIAXSE
BAERRREMTRELERS: A SST MABERENAKE, SHELH SST
RERMENREERFENELARY MO HEWRIEELRIOFENORETAE
£8.

BEGHER, AKHBRARNRES ., CYEEANBTPEEEE-K
SHEEERNTESHHREE R ANRKE.
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Some Statistical Properties of the Mid-latitude
Ocean-atmosphere Interaction in the North Pacific and the

North Atlantic

Abstract

Based on the observation data(NCEP /NCAR ,COADS) and the output data
from Flexible Coupled Ocean-Atmosphere General Circulation Model, some
statistical methods such as Maximum Covariance Analysis, regression
method, composite analysis and relation analysis have been used to
investigate some properties of the mid-latitude ocean-atmosphere
interaction in the North Pacific and North Atlantic in this paper. The
effect of local sea surface temperature (SST) anomalies on the atmosphere
in the North Pacific is detected. The relationship between the Kuroshio
transport east of Taiwan and the oceanic and atmospheric anomalies in the
northwest Pacific in winter is discovered. The relation among the North
Atlantic atmosphere circulation anomaly, the SST anomaly and the heat flux
anomaly is examined. Some new statistical features have been found as
follows: _

In the North Pacific, besides the strong remote ENSO impact in winter
and the atmosphere dominantly forcing on the ocean , the MCA analysis
suggests a significant local feedback mode: forced by horseshoe SSTA in
the former winter, the atmospheric response in summer resembles a
wave-train pattern over the mid~latitude North Pacific. This local
response may imply the former winter SST anomaly could be one of the
forecast indexes for summer atmospheric circulation.

Kurishio transport east of Taiwan in the later fall has a quite good

relationship with the winter oceanic and atmospheric anomaly in northwest
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Pacific. When Kuroshio transport east of Taiwan is increasing (decreasing)
significantly during the later fall, most area of the Northwest Pacific
releases more (less} heat to the atmosphere , accompanying the winter
robust low (high) pressure anomaly from the southeast of Japan to the
Aleutian and high (low) pressure anomaly over the Mongolia and the North
America in the 500hPa atmosphere .

In the North Atlantic, the forcing of the heat flux leading the North
Atlantic Oscillation(NAO) by two or three months is associated with the
later summer horseshoe SST forcing . The horseshoe SST is generated
largely by the surface heat flux , and then forces the early winter
atmosphere through the release of oceanic heat flux into the atmosphere .
From the perspective of both the SST and heat flux , the horseshoe SST
and the subsequent heat flux forcing on winter NAQ represent the dominant
lower boundary forcing to the North Atlantic atmosphere.

Above conclusions could be as a reference to the long term climate
forecast. It could help us to understand the mechanism of mid-latitude

ocean-atmosphere interaction .

Keywords: Ocean~Atmosphere interaction , Kuroshio tramsport , Local feedback

mode, Maximum Covariance Analysis
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2002F4 27, BE—RLEZSMAREER. BRUEHAKEXE
SENE, BEXRRIEENGXMEEMDY, ROFAAEXT. “B5”
—MEERAFNEEAR AANREEMEEHAENDRNTLER, “HR
FLW, MR, FRERA " BE, MEIREFEMAT LK
MB%E. RNFARELZRZREFET.

ENREEMPIERT, RESFRT -SRI, FH, JEMAFRMN
MEIATRERB™E, ERFE LR, EEIFLCR. RAREFART
. BEENENRE, BRAMNNZMS LER T — R TEERENIE
Bk, heHMZMAEENRER L. EAEERP, NEFHLE HRHBE
BTRE ‘BRERAEMAR-T BRENEHABHEHAKRT . B
BHLBERSOBRBRHFERUXN. KE, REHLRKR—A: 2T,
W RERE LM, JIELM. KT BT ERR L EFS THHEE
F. EERBERREMEA—RILEIEENEEZEML. TREML, £HT
. BERITA. XfF. XATE. RARTS. HBEHL. DREDH, &
WS IBORFENMIR. 725 B BF AT IX B 32 17 4 6 1 BT R 4R A0 R 2 0

KR AR E A E XL F 23 RAE MR F. ENBNEFZ
TR R, SR AR M EEMRH IS, hxflEnE0%Re
AEORHFTLEREBHSCABNRE. HEABRUFETARSES LAy
A ZYHEFRERNEE: MHA, THEZ, AiAR. CRHERNRE
MRS, FXRE. BH, REE. XMENREINEEHEHNER,

Bt BRERASYEFANAKBARRA RIS TEALES.E
BHEXSFTARFAESEN. TENFRKFLREINEE LHEH.

BJa, BHRHXENEFLHIRFAER,
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BEAHEERRAFEFATH M EERE. MIMAFRHEERGH
RAENRERBLEARZ, WHFSEOSTHLERERESR, Biresil
REAR. Bk, BTERFELNERESEFSELN, P4HESHLAER
MRABRGIRT P EENEEXE. T, RNOESETEERNH
FE PHEBFELFANZAAREELRARFETRE R TERMAME
A, CEPSERTHEERTHRET2TEENAG. AL TEREN R
ELMRBRT 4 EHLERFHEIHTHE ARATSREHEAR
HIHLBI B B,

LUK RS HEEERNTRER

ENSO(EI Nino and the Southern Oscillation)Z & £ e il K FMAESBEE
Bz, BEXMERAEMELTETELH, CENSOFHRAN, ETARENKX
[SEBARKTUIBRENFENMELEXTEE  BE RERZES 4%,
EAERAR. HIBERAKEENRENRIIBBREE (SST). #F. BS
BRERERNZL. TELE, KKEET - MIRERFATESSREBRE
B (RERIEATFS) BUE—MBER. ELAFE, ZXFFELERGA
S A EPNA (the Pacific-North American) ¥: b AFEPHBER— M HEH
EHBERFHHE. ZEES5 WalkerMBliss(1932) K Bjerknes(1969) & B & 1t A
#¥3h (North Pacific Oscillation) #2151, X i A S FRIMBH AR SHH
B 71X R AT LA £k tERossby 8 £ 72 i K% (Hoskins and Karoly 1981). it ik
AFHPNARKAFEAFTAFESLARKPESSTHRRERT, Graham%
(1994), Zhang% (1997) K GuRPhilander(1997)15:: ZEEFMEKHHER
EL, ERFESSTE-EENHEERETKREHHKFHEENSO,

B70FERFH, REEERBATRIGEA T EH MR P E R T i A TE
SSTSRUUBHBRERENERR, HERMRLLIFR, EXMHEH TENSORE
SHABAFESINSSTREEZOYME, LERMIERPHSSTHEWH. —&,

1



AXFE, EXAXEPGEATALA AODI ST

ENSOHI R B At REF R (RasmussonFCarpenter, 1982), TiZENSOE WK
AHERPFESGSSTREER2EC ARARRE. XM E2 M EVHRELY
FAREMME R FESSTRENMNE XETEEHA L HNRE, RE@TASE
EAFREINEE: MEBFTKANEEE—MEFHRITE, FLEHNSR
AW, AMETE/LANANEE. ER0ER, REAEKTESSTRESE
LERMEERFHNXACEFLRYERT, ETEHXNSSTRE AT
EMRERNSSTREX RNFARBEASHFANERAER. BEER, ANE
HHRELL SRT A T, REREHF R A RENSON #4484 SSTHFH . Lin
ZQEZERFEMA T REFTZREAT MM, CBOAHESER
NERFHNBREL, A% KFHFENSORH KFESSTELNEW. T
AlexanderF2002)E BRI E S B A Hrig £t b, SRN1AHH I8 Eigoin
Bi%: EEZENNE, BELAFESSTEESENSOMMEXREREEN,: BR
REERKSFBRESSTRAEMEERS, Ekmankiii £+ K FEMSSTRE
STEREENEM: XAFFTRESEHFRAE LZWSST, METERNESEN
GE. BERIEBABENETRE: EXEREEF, LAFHSSTHESR
(KFI105) B—Fy LERHFREHX.

EHRE, MWK FEENSOFSHAF KA RBEFNERATERA, 1
HEILKFHH,

WS HSSTRET WA SR W0 EMRX A XA B R A B+ ES RS
RE—AEHERBHEUNREEE, BFAUROAEWEEN, TRRY
EREXNTHBELEFAERT: SSTREEERKSIRAENLER (Palmer and
Sun 1985; Wallace and Jiang 1987: Deser and Timlin 1997). #i%H T ## X 2 HSST
MRE LW, PHERIASSTRHMNEERNE. BE, PHEXINE
AR, X FRAMSSTHHARE, RHSIATSSTHME S MIE.
B AR ER S P SRR KINEATR— B HEE. £X
BELT, BEARY—TEEHHAHIE.

WEFENRAATRERARFAR DS E X IR DAL ESSTRHY

(Palmer and Sun,1985; Pitcher et al,1988; Kushir and Lau,1992; Ferranti et
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al,1994; Peng et al,1994,1996) FHEML K, XM FEEFIAMIPHFE, TH
BERERBKR, FRBAT LR F4 R (Kushnir et al.,2002). H HIZEESST
RETHERMLERESEHMN, FLEEMHEEN, BOSSTRE T
ERBERE: —2™4EHRNFEREWY, B, FERRFASHHNET
B, EEMEENSSTEARE=ETANEE., XEFRLER R, £akE
RERT, KAMNPEENSSTREWNRE THMHE (Hoskins and
Karoly,1981).

Bl ) — 2 AGCM(atmospheric general circulation)if i % 81 & % 4 BB KH
FOAREWMREESF. H3EHE, LuBQ004WET —R B &S, ftigH Xk
ST ERRTRESNAS: E2BSRRPERNENE - BERN 5412
RH—E: BEMSSTRERAERRAMANNBERE =L — wE 1wy,
EERERKEAD. SHFUE-AFREESTEORSBERAERT X, BALS
MERARERERENWHYRE —KEWN, CHETESEANE - 5H
Bi. 55k, PengH(19NAGCMIBERER, MA—ESSTRY, —AX54
FEEREWN, MEZANE RS T, KSAEE—MEYEESEH. S3tgs
IR, Peng®¥ (1999) X AR R M{AWMN 4 FSSTR ¥ MY BT T Hit:
SHEAEERRRIB T TCCMEFFESHWR T ERR ¥ URERANEE;
VI HET LSRR F MK, BXREANY RAGRE—EFER; SRS
BREIIEHMREMMTEA.

ERWM L, #E%E (Namias et al.,1988; Wallace et al.,1990,1992; Zhang et
al.,1996,1998) 3F3bKFESSTHISO0nPaly 384 AR fEFA#E 1T T W5, Zhang
% (1996) BHLEEIHFENBRARFHENSORE S, FIAFEESHES
HEEREMNENSOS I BN T4 ERTRESEF S EHR. AnfIWang(2005)H
CMCA (Condition Maximum Covariance Analysis) iff— £ 102 T # i fIdL K Fi
SSTR % 55000Pafl M EREHMXR, SEBEHE M ELES: —IRPEE
BSMEERKFEE ~ — b AT BNP(the North Pacific mode), X SSTR%
TERTERFI KT B—PEASEIHEHAKLEE - —ENSOK
&, R RHR S HRNE SENSORMMSSTRE S X, MARBISSTRE
iR
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B4, ETEARA LRBPEERSSTRE FMATNIERR? A£AE
BB B EN KETHENT . Frankignoul M Hasselmann(1977)#5 Hi: %4SST
EXSEBAAREHRIN, KSEHTFSSTEREXIHBENRERE
R, Mg TARR T BEXISSTH R . L5798 LB (Namias 1964;
Ratcliffe 1 Murray 1970; Deser # Timlin,1997) W %8 —4 A MSSTH
REHEW, LFEL, XFABR—RHEUNTE, BIXSESH —EHNHE
frgtt, EXTMHEREL (AR REHEXTERM KRBT XS0
wBENER. B4, ASSTENTFAS— ALl Er, EXAMHEARELETSH
AR T SSTR ¥ X A SME M, CzayaMFrankignoul(2002)F & A F E 45
FIMCA)E AT MG R R X LK TGEST T OISR, RUBE AT F IR
SSTRH AR R E RS MNAOA TR F= A

MIERFERE, ERUTLE, FHEESSTRERTHRIMNERATAS,
ERRMTHTHERAH RN E,

L2 RERAENASHREROFTALR

BREANARENSHEEBFHULRSRECTESEER, EXEEFENL
XEMEMNBLRAT. BRRIKFEMTEARA EEXTFFNGZFIGHEIE
FEERKETNER. BT KANERIEREIE-SZANARTEHE
BH. EERPAEPTIHETENNESR, BEFROTMEIYS, LFP2H (F
BRR) SXHFRTMKES0% (Vivier et al, 1999), EHUKRBHABH
BATLEER W RFNRAE- AR, NTEWXIANS R, B HESST
CRREARAETRAUFHERRE, BRESEURABINEBEERN[ERE
Ewms hdBRARD. BKFE (1995, 1996) BT M HEHEH 2R
BRERENAMEHETREASKEAMEHREEINEREEERGHRIZM
BEEMUAEERLAN, BRESRRENAEASHARAELEHELER—
AERBEE. Liv & (1993) FHE-IBSHEARALSTEHRTHEXR
ARMEEFAGER TR, TEE% (1992) L FE2YNEEREERD
PR — 1 R TT T HERR.

Fyrtki (1965) fEi: “MFRAILKFHENRERRRRNFFER AR
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BERAR, SFERYARAREAEREINEY, LERYRRAENHESE
AR .7 XATHEE (2004) "M AFFETAEROTAGLIELT
AEUBRHER R AFHBEN R KNEERAR. GEEEEIEENE
HMEZRABEENERREXPRARHEY, BAFERMZEIENRTHS
BF: EEURRMBNERE, XPNIREBHNMETATRERN, RS
FEEE R S REART 5B, WAGRENHES S M. EREBL
FRERESZEMFMEXRRZMLEY), TEHNLQRREXERTEAF L
EEMN, BAGEURRAREERY, CEBRRLKBNEERNKARE
HERKR? £ZRE-NHEFRARARINNE, AXFERREBLUAEZHR
ENZRERASKBLEHEAKRAREENLER.

L3 ZXEFESHIERANTRLE

ERHEHFRAP, AREXEB T 5ILAPELUNEE. RNMEILKHE

#LERRZBUEEZILATFHZNAO (North Atlantic oscillation) 2%, &

HEER, ANAOEKER, ERHFILEREEASERE KM KHurell 1995),
BB RE SR B AR BRI ¥ (Cayan, 1992). WHEBHRS AL, 1t
KEHSSTREXM KT ELZW? # XA EE, ANET SR ERE
THR. .

WEAGCMB R ALY L AEFMSSTRER LM AR K SHNAOSH
HEERERW. E—EEXPAE S HENRRSSTR ¥ EEE &7 £ 1KH
FINAOZE L (Rodwell et al.,1999; Mehta et al,2000; Latif et al. 2000; ), EH &2
HiEH: EXERZ R HSSTRE 5K THNAOZ FH E R MM IR T
RGHERMRIWBHE. B, Latif% (2000) FHoerling%(2001) M &5 X f
SSTREMKANEMAERERY, AARLEABERRL, XESENH: X
AxEAENEETE RGN, FTRARNEERR. FLl, SETERITE
RETHE.

CzayaMIFrankignoul(2002) (/Ej#XCF) FIMCA} =3 NCEP/NCAR%E (d

s
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FREA. EREEPEENVATN AR HE

AP 5000Paf 5 F BE B R SST) AT, RAKMEIKEETHRKSSTR
BT HEEm R AL ATEHEED (NAO ). ITEXRBETFEEHTHE
SSTREIN BEAKENAOK TR ATAEME. ZECFATHIRERIE, Cassou(2004)%
Peng%(2005)% B % ELIX 7 BEFFEAISSTR ¥ R T B W E £ K SANAOKH Y E
Pl 4T T T, Cassou (2004) #5H: HEXEFAE SRAEZ MMITHES
KR aEMR m b K P& £ 1B MRossbyl, MRS EET R HEERE
HEERERFILKEETEDHENSSTRE: I ENSSTRE LR
RE, BIAXRABAONAOMNEE, FEREE DR MMSSTHIL M EEH#ES|
BAEHERMEL, BESI0ABRRGSIERLER, BESHTAXENAOR
¥ MPeng Ak AT EM DHHSSTER (NAH) S5HRESSTRE A AR ER
B, HE&RWT: NAHREHPE—ANFHOREE, FMUTHEENAHRE
RUOFAEHKRENAORE: FAGCM_MLAEAHERAE, RESSTRERBEKH
FEHERG - —ERLTTLBBEXTBANAORHE, HEMEILKER
FINAHRE . AT £ ERENAORE N LEL TR AESSTREEANS
g.

S5, BERAXEESSHELERNRAT, EB—RUBEFER—L2EN
BEAEBNTA. BEERINRE. NRMER, AMMRREARKEESSTS
BOMEBRNRRER, #&BREFEFEGCM (the General circulation model) HJ
REBENRR. BRABESSSTRERERHEANR? —REK, BERA
BEMAREASSTREAENERR: AERTESSTRE: RiiX, £RH
SSTRE XS EWMEER®. Frankignoul® (2002) XAl xEh#TTAE
W, RHELARSESRAERSSSTRERMIES, A EENRRS
KEMA, ENNBEEREEZARMRSE. PakF (2005) HAABERBLKX
BHEABESSSTRENBARMEAELSS. BRI, ETABREESH
EERPLIFHEET A ER,

EARAEKESSTREN ELXSNAORWHLHMBIRNE TS MR, B
HYWYELRE&TiE—S&it. B4 BRNEH, BRAEE, SSTHRS
ZTEAFERLHAMLIEBNER. FXENXMELE, RFET—TF: &
KAFBRESSTREMN BELRKRNAORWIIET, M= &#2Z M2 ERHEER
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L4 ZXABREBFABEEFAAAE

FHERSHLFRAE~THRERNEE. BE, PEERTATLIES
&, FRPEH SST MRRMEHWERLREAR. L, KELERPFAR
FRAEARERTESRA. TRMIERFEERMIEKXEERR, FRLEREN
BAMKBMERK (FInRENRE FTRMRATRLBITRANER).
R RA%HS. XA AIHEEATRNOAHESE, NERHP
SRETHELEROANFLFHESNMPAMNTER B iR ER AN E.

MR TFERE, ZHFERTFE ENSO FEEMECTHETHA. AL,
EANRHBERAFRIFIRIEAFEDLE SST REBUEMAKETEN B
R R E .

a5, REABRERLAPELATETEEEENER, MRHHEY
RAXRETRBBHAD. FLU, BRARERN, e5RYRERREHE
RAANAEHXRRIET BRINMNE.

BEHAEE (RADREE. BAEH1) ERTSHELARAPURPHRETNH
HfEf. B4, EAXEERITLHY SST RERZEHRL AT NAO #5T
B, BEAEE. SST AXSHRZAREFHEARNORE-MELEE
HEE .

BT ERFEAZRMISE, X0EETOTFHA:

BENMETHRAMRANEERRE MG E . %9/ 8 T f1K ENSO
EMCAFE, HABTANEHENBEAREEETVEZHRSHELKE,

FZRFIF MCA FiEx A FB #1747, SiTIL A T SST R w A
R, ‘

FNEEEFM RN E AR R AR B R B RS A BT R 545
AFRBMEEABHXR.
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Dana Time
Study Racord Mushod Months Lag Seale

Noxth Pacifie

Wears ut al. (1976) 1949-73 EOF:

and Rasamenson (1983) 1947290 Compomes SON

Wngix (1989) Correlauons -3

Niabauer (1934, 1989) Caorrelauons m Bermg Sea

Wailace and Jiang (1987) 1950-T9 Comelanans with SO Jal-Novr

Hanawa » 2t (1935) 1961-85 Composyes, eomalanons TFM

Desar and Blackmen (1995) 1950-92 EQF: Nov-Ma

Zhuny md Wallacs (1996) 1950-94 Regresuon. EOFs, Rotmed EOFs, SVD

Nakamea a2l (1997 1951-92 Prefutersd EOF5 b

Zhmg & al (199%) 1950-93 Munchannel $SA ID
Tropeeal Atimtic

Covey aud Hastenrath (1978) 1511-1 Camposites

Curts and Hastennath (1995) 194892 Compotes MAM 3-3

Enfisld and Mayer (1997) 1850-92 Cotreanons

Penland mnd Matrosors 1950-92 M

Uve & 2l (1999 1946-85 f-3% ] Mar 2

Gazmumm ot al. (2000) 1361-1990 CCA MAMT 24
Global Tromes

Wolter (1987. 1989) 1948-83 Chaster amalvsrs. RPCA

Lanzanee (1996) 1870-1988 Complax BPCA, ecrralanons s

Toare and White (1595) 1979-91 EQF: REOF:

Nichelson (1997) 191898 Harmome analyms, composies

Klmn ot al. (1999) 1952-92 Consunon
Global

Pan and Oort (1983, 1990 195873 Corelattons [ =]

aad Newell {1933) 194979 EQFS

Yasun (1987) 1964-81 Prafiltered composms 1

Kilads and Duz (1989) 187™-19%8 Compones

Nita and Yawada (1989) 1950-87 EOF:, hiforence atapy 1]

Kowamua (1994 19°0-88 Rorased EOFs

Zhang et al (1997) 1900-23 Ra EOFs 1D

Moo, ot al. (1998)* 1901-94 Mu.nenanoe] $SA 1D

and Mestas-Nuiez (1999) 1856-1991 Frafiitmned complex EOFs 1D
Meztas-Nuoiez and Eafield (1999) 1836-1391 Prefiitared rotamed ECFs D
Ganeaud and Bamsn {1999} 1955-93 Regecaons 1D

FLL1 RUFARFEXTLE ST FHELRKBRANBERENRER, RERHTS
R, RPEFIH T HHFE. BHITE. 2 ENSOLHBANHNERASEHE, (X3

Alexander et al ,2002)

'
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F2E BERETE

2.1 Bx

211, WG VI & I e

XFMBHABETRRE 2004) RAZERENRELSHARIBEMZER
BYOsERMELTERE. BORENEFEFFRER (WOCE Daa
Products Committee. 2002. WOCE Global Data, Version 3.0, WOCE International
Project Office, WOCE Report No. 180/02, Southampton, UK.) R{EHE R R KEE
FEHE P L (University of Hawaii Sea Level Center) R #36# R M B HIE (fast
delivery in situ sea level data). ZFEREHELF (25° 09.0N, 121°45.0E), HHKE
M 1980 £ B 1999 ;. FEHALTF (24° 200N, 124° 09.0E), FRHKEM 1969
2000 5, BT 1998 FUEHHEFERSRUE, FANBTEIREER
FHECBE A 1980 3] 1998 F. MIAICHT A REA R K% 1980 53] 1993 £,

2.1.2. UWM/COADS B 447 B ¥

%P ELIE T COADS ( Comprehensive Ocean-Atmosphere Data Set) J 1 % &,
Atlindo M.da Silva S AFAREHENSHRNMRETEREHIMIATER
. CESHZEIERATAER. FBERAKERSYER. HARTHEE
2R, KFRBIPER 1°1°, HEBEM1945F 1 BE 1993 F 12 A. &L
RBEMYERR: SST. BENZNEHAEE (BHEE. BAEERFHE
7).

2.1.3. NCEP/NCAR B4tk

ZRBEEZEEXHFHEMM P L (Natonal Center of Environment
Prediction) FIZBE X XA R # W F + L (National Center for Atmospheric
Research) B 1991 FH HESHTRR T F KB AT FTE . NCEP/NCAR &
SHBRARAT R BERLRERNRE ENEITE, 3 &R REMEIELL

10



KT, L XTEEPEE S THE RN BYRHSE

K-MREHITREEGINRIL. XA 1958—1997 EHB TR, X
REZBRKFHHED 25°%2.5°, MEETEKEHHE T62 BN, 4
L 1.875°%FE 4, KM ETEESI . XE, RIVAFOYWESRH: 500hPa
UEEES, RERE, BRAGRERAEE (BAEE. BAEE. BKY
BHERNBEREHNER).

2.1.4. FGCOML. 0 8B & %

FEBFERKSWEH RN FGCM (Flexible Coupled Ocean-Atmosphere
General Circulation Model) BEAATUEEMRIK N FHSIR, AT
ERAFFEFESRTMSFE (Yu, 2002). EFTAMBHEER L30T63 KF4HE
%0.5%0.5°, BEAZ 30 12 ZAMHTELE 1000m B8, HEHSEERK
HELFARET WiREH.

FXAFIMEHE FGCM B AR, HAKE: 242~208 &
%, 500hPa fir BB B 37 F0 0% HUE BI04 6 R 55 4 2.8125°, B MmN EEMiE——
Y1586 2.7° SST Mg # A BMK B4 3£ K 0.5°X0.5%

22. BRI E R
2.2.1. KHEIAZYE K ENSOF SRk

EFdate, BASTEAEEEZ, SERERMTE—ZE (KY
ARE) 5—1RESPERE (FATRET) ZANEHXR, FEITR
ESHHRAFZRAMERLE, RERREANTEHHFRESTR. &4
E-TEEEANROER ZAANEREEETUERL £ TR EEHNS
BEIF. BiLl, RERIENETLMERANELRBEETAE.

HEWEEE Y NERETIE— 0, ROE m A X, -, Xo, X0 Y f
X ZEMEMEERAES

Y=a+BX +-+B.X, +& 2. D
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ERTE. AABEFEERETNEFAGRIETHE

H¥a,p, B, AEERY, ¢ ABHLIRE, EREs~NO,0%).

BT, X s Xl =L,y ARBE, BRGSO EETFRAHEIR

f5it @, B B e, ENEIBA AT 2ME a,b,,-0,b,, 6 KAEHE D, - b,
FEWTENALTEE

Lb+-+L, b, =L,

1m“m
Lyb +:--+1,,b, =Ly

......

Lﬂlbl +eet mebm = LMY

2.2

X

—_ 1& .
X] =-ZXy7]=1""’m
N

Y=

: -

2%
k=l

L=Y(Xy=X )Xy =X )i j=1mm

k=]

L, =Y (X, - X))t -D)i=1\m

k=1

b, b, RBE, HE

a=F-bF —ub X

2.3

BIETE (2.1) 835, RRAREURTREAEST, W



X, EAFGEPSEATREERHBIEHEE

P=a+b X, +4b, X, i=1-n
FENMREETE, KF

A Nm- IS" @. 4

S/ml

TESTE
T ERR| Fo i G Loy F| E&F#
@E S m S%

RE | g ™™ s, i00-m-1)

2A L, n-1
RBERRBEN o B AR
G=|—1 s @.5)
“NYn-m-1"% '

APF—TEEERFER r, TUEXEAFEEEAMLEXERR, R
EXHY,FYMEERY, RRELS

S S
Ri=1-2A_18 2.6
I, I, 2.6)

HEZREBREANM A EHFE (1994),

THRAEEN AT BN 1S ENSO 55,

EEELTREMNGER: KK Nino3 ¥ Ninod. 4 KR FIyE B2k
HENSO 58, REEIRARFESYHEEEKME, B85 ENSO ZMEY, A
ERIER BT LUnRR ENSO UM T, XMk BARM Sthss, (B0 ENSO
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bR T, JEXTEPEREMURE A8 5 EHEE

ESRN, SEn—EERAEE. RiME SO BEEEN T, £38H
EZH. WRRNAR—REKRMEAR B GH ENSO Fm, £REERMNESE
ENSO f5 S bR, WuxtE % ENSO f5 SRR N ImiE. XY THERGKIERiY
mT—TERENEZRS.

ATERFRMMNENZRFME ENSO 5, RMNMEZEBEENSO el 5%
ZEMEIAMT, BN ZEXEZANERAY, REENENTETNRZEA
ENSO BMi. ZEEP, BN FERE A BHEEILT =N AR TFHERER
IS, BHEARE 5 Ninod. 4 R B EHERREHRTE BT, 23%B
H X SST R % M1 500hPa FH 7 &N B # ENSO Bmd R ¥ . #E4NFR ENSO Bt et
fR, RAVEXE YR EZ ENSO BB K S o e, J6KFHE SST % ENSO &
K B2 J5 P4 H » 4k X i 500hPa {if %% 5 i7 %t ENSO /8 AW R L F &7
BT, Bk, BATEMBRHA ENSO XF LK% 500nPa R M EZ M SST R EH
M mE 2 HRFFHMERRERSEEHE) AOEEALK.

222 HRENEHE

ERZMEEE, BRETEY EOF(Empirical Orthogonal Function)fi
7 {5 5+#% SVD(Singular Value Decomposition) R LB # LA FE. T X
BERTREMT, BELTREEOES, NHESREENTERER. EOFA
RILYEEGHETETMSE, TSV TUARIRFAMGZEME SR,
EOF LR EMH YT SVD ST — S0, FIUUXERABNE—TF SV HEXR
H,

BREFRNBES, 2FAEp Mo ATEA, Fn REFLENRATE, A
FERERTN

n o

14



LK, CATEFPGESTHLF OB KT

Yu Y2 o Y

e 07

yql qu " yq.;
WX YRRAEGRES. BHZEAMEXhTESES:

Cy =(XY7)

HFEORFRPHME. RNFLEBEFNMERLE TSR, EBIUMEGALES
KHERE, FHZAFERRBTE. REFA KM EROEESA TR,
BZELL =1,

RR" =1
HEET (1 HRAER)

COV(L'X,R'Y)=L"C,, R = Max 2.7

BLE, mREREER, IH—MRREHE EEEHO LR, 548

c, =L(Z OJRT 2. 8

0 0

KA 3 =diag(o,,0,, 0, ) W EKE, 0,20,2--206,>0, ¥C,CT,

REFHEERFHR, m<min(p,q), & (2. 8) B AEEBE RS REIE.
w A=IX

B=R"Y
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LAFH., kABRESESVILERNRFRIHGE

HLARMOB kFIAELMr(k=12, - mARKNTAY, HAMBHH
REDHXREG Y VBT RKERE, Ko Mo FHAEGXNEZYMNEKR
F#Y SNTRMAMNNABFZERET —HEE.

LEBANEG ARG, SDRERIBEEHEREXE K4 (EOF) , 7]
0 SVD & EOF B#™ /8, Ti EOF & SVD K4, 55 EOF #4f, &M1R

3o

1=l

REMTNEZBEBEODFESEHFEMNELE NVN<m), &8 TF
20,>0, CSCF, &Kk, RM4T N HESEHFTEMNBIEK,
BREENNBERREMHEXEARRAGMERHHAELXER.

BT A, BEFRKADTE, BRRMOKFR LRSI EXDFE
Fity, BEXMAE—REPEH N AL, KRTHDHERD, RITHE N
MEFRE XN EFREMALXARTERKER LREANZHAL
XF. NTIERETZEELBNANR, BRHTEHRESRREALEANE
EBAES, XNBRETAHARERNKS), KREHNA SV 447, HARIMEXE
MERRHE,

Lk svD BEMNAESIE KILF (2002) K (SVD HEEH SRR F
FIRAE D

22.3. BRIFE M MCA) 5%

AXRABKTESMT (MCA) FERBET . ZHERET SVD Fik,
M EN—RIIGEAFE SST HEARAFWHRIHFHIE SVD 447, ¥
AREBKBFE, ZREMBN MCA ST TE. EBSHZE, RITXEH
BEHTT—RILE: B, ZHREVEFBIATHNRES, BAZHE
KB EMBREEES TR LR RIEMER; B THROREH
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AP, LATEPEEETHLHERNEIETHEE

B, EAMEBTEMEHERRER—#, I TESMAEFHRENEENE,
BATRSE COS HMFATMENRIERML: Ht BRNTEXESYEESE
FHZ, ~BRLZREFH, ATERTAFTHRNRERENEREEXA
A, RIAXSFHEREAFEENLFTIREL. dik, BRNBIHE 3
TRABE—ENHTEESE (BRREMEE: N=3X F50 .

7 MCA 7, 3 500hPa (i 5 & & (Z500) TERTZ) ¢ f1 SST 62 t+
18, BEMFTUSERKDERES:

Zygp(x,1)= iug (*)a, () 2. 9

k=l

SST(x,t +7) = ivk (B, (t+7) 2. 10)

k=l

BEmLE%E. K, a()Fb (r+7)HIHER SST M Z500 th EMHE k ME
g, EMEE k MBINmEhb. XHATBHFREE (3 SST Kik) FRMmE
(Xt 500nPa Ki) BT SST(x,t +10) W Zoo (x,0) IR b, (1 +10) LBEM, T
BEMNZEREEZERXRR. BE—SHb @ +1) EEEREN#THREL,
SRBETRE SST M Z500 REMZR A MHE. HHHE (SC) Kb ¢+1) M

a,(VMIHRIEREMHRR. ik SST RIEF BN EFEFIMITEL 2500 p95 AR,

RAWR'T %o o i (B HE B G (9 B 37 £ MCA 2477, RIRERI 5 E 8 100 k3 MCA
FEHTRERRR, XRRATIEN Monto_carol WIS H 1, HAXEN—SR:
HITEL 2500 Mm EHFIRFR, BANSETESEZMOEFIRE, BTN
EMANRERRAAS. BEHERRTHEFZ (square covariance) 15
MHRFREFFIMAXREELENENT . ZRRFEREETXMN,
BIERMIEILAFEH Monto_carol B3, FAMNEEMHHBERE., XXM
MCA 5 B—EERTiTiE.

MCA FERE KX SST 7% Wi R Bf (5] 2 it 4k 38
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AKTFE. EREEPEEA VAT ERNEIAHEE

AEAETENREHR, TURERAEBEENHZH SST ZmHh
HERBERAX SST REMWEMFE. FHEOEERBR: ETRTLEHF
R, KRB A ENRFEREHELE, ERENRENERTHERAS
BANZLEAETRALENER. Bit, XAERETERHTR SST Hif
SAREMEBENERSZ SST A FBETENENELAS, ALRETD
TF:

Z@W)=F@O)+ fTt-5) 2. 1)

EEXXF, Z AR 500nPa (I HFES, FRARXKAAFESZANENEE, T
X SST (EAs58E) , REWERY, § ARKAEERE (HEMh
5hagid) AUIRRERTE], WREFRENENEZANMNERL, MYRTRFER
fERIESf=0, fEK, R SSTHARSEANENEERBK.

ORI B K SR g SR IE W Y R BT () 8, A AAE R SST ATAEEM KN
FIXRREZ. WIFEFE (2. 11) 3T SST BaT KAMEMETZ ¢ FAURKES
KREENDFTE, —RAABDNEOFEREARAEF A, EXTF
GE R RER, ¥XAmRA SST SHANANTERRKHERT, TRE:

(ZOTe-o) = fTE-6T(¢-1))
for 2 2momhs (2. 12)

(2. 12) AEH: AN SSTERAXENHEKBT SSTLE + — S I
Bfix. Hv=00, MEMHHFEZFBK (Frankignoul., 1985) . &k
ELRE Z()S5@EH SST BE T- v)Mh H EX BB KA, v R XS SST
T8 B e R B (8] o

ERFH#, &% CF (2002) .



- W

AP, ERARFGERTVREFEANRIRITSE

BEFE JERYE SST RENKEFRAZW

3.1 LA SST 5 500nPa AEFFMEFTLHAT R X ER

BAIENE, LR SST WRAEEFNERFHFRERELRAEE (&
Zhang et al.1997), MXMBUIERZ XS ABREMREAHESBHERER
B1% £ (Davis, 1976;Cayan, 1992). 4, #4109 SST 88 B RIEA F A MR ?
FAKFERE, XMEELERERMREER M EERERHEL.

Z% CF (2002) X THEARAFEN L KPR SST (HorseshoePatten) B%
MEAJKTEEFE) (NAO) BWRMTHR, FEHRRALLUY EFIX N EEER
HTH.

3.1.1 JEXFHENEBTHERR

%R ENSO Wi /5, RAIxHIL AR SSTA(20° — 60° N, 105° E—105° W) 0
Z500 (20° —70° N, 80° E—80° W) #1TT MCA 447, BT WG EESHE (B
—8) WHEERTEASMGE. BFE (SO HE 3. 1.1 BH:, FEHKME
THRARFENNARETE L. HEEHTH: TREFASHLSSTHET
RKE—1RAN, BFTECORIBEAE. HREK, TS5 HM 500nPa fir
BEEREH(2500), & SSTHE—AK, SREBHENEAGHE, £F
£ (80 ZEJZAE. BHILXFHEESHATERN, KINBENELSTS
Ml (Davis, 1976). B, £FATHATHER, BENKSHENEERE, 5
BI77ZE (SO) EELFEFWME. BHRKE, 2 SSTHETFASN, LkFiEs
SHEERRTRAN T ERESEATEED. BRIEHT: TREILKTEE
RIEXER, BB SHAIEHAEERAN SST B¥ B KR MBI GWR,
GWNEFERTE, AXERE.
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kPR, ERERPHEFUVAEETN TSI E

R4 Frankignoul F1 Hasselmann(1977) IR B ATHIE 2 ik, 4 SSTA
HETRAAHRE L MAULE, EMNZASHFEEENRAXER, UHEE
KRR EH#BENWNE S, B, A FEESRM KR EWAT LM SST B
FREMMCA TR BE —LBR. FRICKEE, ERILATHESSTRERE
FRAMEMLET, RELSSTABiE£EXA (N4 MR, FHE (SC)
AHBE 0UMEEHRR., KN, BEFLATFHE SSTA B FRERES

(JJA-JAS) KE 1T A, BWAFECONE_XEFL, REEHRRE
95% (&M 3.1.1 Fi7R). TE, %X MCA HTF B RGN EEFI R4 %E
0.5, HEEWEF Lt 00% 3% 5% K% (EEE). B MCA 475789 SST(ND])
FIREE 2500 (JJA) B3t Ry SST BYEFF5Y (fnfE 3. 1.2 o) B, EBEEE
ERHEMNFERNTERNENESE. ERBMTEERS &L FHE SST
REMMEE., £ZLRFESST RERAREBEMNER (Davis, 1976), F4,
BEERAEGHEALLRFHESSTRERFEETHBEXRERFELKFHESTRE
MEBAKSHRR. RE, RIOFEMLATFEEE 500hPa BE S A Z SST
FENBEES IR RRES.

ZRBESU TR K FERME D, ERFENERS ENSO 55, R
MEKREE. FRl, TREMNAMAKERME ENSO, ZEEEEE, B
FAREEM. LRNATFEMZEE (Flin NCEP £ SST #4( COADS ¥tk) t Lid
SRITRREN, KRABIFAENER (B88). MA, 7 XA HiFH, Kk
BESFTR LR SST W (AIFF5Y 55 ENSO fe AR B . NB—TAERH, HHEK
FAERERFEATNEFNEHIEFAESS, MAREE. XEER ENSO
—BRELFRETHE, HYREFIERPESENASHEHEEIERNES
F. BL b, ARITARELKE (0B ENSO ATAYEIR) #1T MCA 2T, 43
ENSO Xt Ib KA EMTLUMER 3. 1. 1 PEENIRAER. 5k ENSO Zm
MAZGOE (A 3. 1.1, /) ik, EfMIEERE: %4 SSTEAITAZ
KR 1-3 A, #F ENSO {5 SH) MCA 47 £ (SO) BHAER (kR
3.L1F7w). MHE, HFE (SC) {E#F SST Barfmm/a A ¥ A M.
BrEl, MEFRRE, FEGOMEXT SST EHHAEXHIHE (FHw, A
SST &di 4 MAEWIE 4 M A, B SST #E—A ARSI #). JLARF#E SST
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ERFE EXTEETEEATREERNBTI R BE

A 2500 RIMEBR AR (TUREREELER) MERHXER, BREMEHL
FRAFESSTE 500 FHHZE=/EER, LR ENSOESHEm,

FHAKTH SST AILAT A% B %5 KM ONCACondi tional
Maximm Covariance Analysis)ZMfr¥, An HI Wang(2005) #8HEIIMEERL
AMEER: B2 ENSO £, RMTHRHEEFILREERSNEE: B—
BRIERPEM, RBTILATEKRSH SST R, XFHAMESTE MCA 457
AR, BE SSTEBHABERE, A S TE—PRRTRFEMEENS
Famtt, ENSO MEEHRAELSSE, MILAFRENTLURELE, RELE
KEHRELE.

3.1.2 RMRWE— —JERFERS SST REMKR M

WE, URMERGEFFXHBERBE. &k, BdREFE, £ SSTH
2500 FsA B 2R MCA 53 4T BT /309 SST B (B 5 b — — B 52 MJ T #7 500hPa fir 3t
B, 2 SST RGNS R MCA 54T BT 1869 SST B IEl 50, B2 %S R g
AT SST REMDBREMHHEH (R FEEE) 1 500hPa fif #5855 54 HHY
ZEFHEHE (BAREE). B3 1L3SYH—RFEEHREE (% SST RS
FEZJIA KRS -7, —5. —3, —1, 0 f1 1) § SST I 2500 & A2 a4
fE. %SST 5 2500 Ak E#HEE— N An, iIMamsTe: BaRE
HIER SST 77 % A LR Fi# 500hPa LR HEHMERE. RRTESASN
AT SSTRIRE. B, BTUATEZERD, GHEFIEE, SHSST
&% (Norris, 2000), 545, HEERERY, PEEARMA, HHFHHE
BERE A, NHE—F8BTESST R, MARILAEHESSTRARES
mAERERE SR E NG ENEIE BB T X,

LEFRBRAEREERRT LR SSTHASMRMER, %SSTR
HEATEZF 500hPa Y HEEHRALER, KHASN SST BREMHRMR %
fERRANRKXEE. A, HP 500hPa (I EEREZELATEEER—#
EHEMHNE BTN G, RE=HE -~ FMEEREREE -, RERY,
XA SST B M4 HAHE RIER REN BRI R, Jb ATt w0

21



FERTFE, EXHETEENTREERNEIKIHHE

BSSTRERGHERFEMAR, KBRFREAK, XHDHESSTRES

HHEL£ZILKY¥E SST (N} ENSO §5) EOF 4 FBAE—#EIHY (B

3.1.4a) ML, KE—ESMBHTEIX 47%. T 500hPa ERI S HAEERS

B 2L K T#¥ 7500 (305 ENSO {5 5)EOF E—H# 540 A & (B 3. 1. 4b) th 24, 1%

EERBHEE 3% ZUPERERBESMETEENASZUNERTRE
CGXBBENKSMERT ENSO ).

£Z SST RMAEWEZRAKHNR? B, BOMEXSIMNERENITEZ
RIEEFN, B4 SST REELRBELFEU LN BHRR=EFWIE? BIE
7, £FSSTREMKRSMNFLRATESHEENKBTIZLER, EXPELS
HSSTREFERFRIESE, ZHHKRAREZFEWELASRTEERS NS
MEFIRE. BLt, BUAFNERER, LXTFESSTRENESRRILHE
Rt B, DR SST F¥ xRN 2500 H I 44 HEXRESEEEAL
AEFLITER (RELEBEESEFRER SN, REEFHRERAB). X
B, SSTREMKHIZIZRT SE4BESHKERR (Flm, BKAZEX) F
¥4, BEEMESHEARGEBHAEX. £ LATFETGRBREERAE, R
EZdEndEd, BEEFFER £FEMNSSTREFREENRFRITER,
BEEHIES. S FiEs, F2hiEgEE—T: ItAEFLNEE
SSTR% (BRITEZ8ESMA) MWNERE, MMEETEENSSTRE
(BHTEZE4Z1MA)EEREE? — MO feMHERE: EFH SST #5EF
BNBEAERE, EXHERT, BEMKIBERNBHS, FUZKESRE
EwRK. EXAE, RINVEFIELUMER: ESH SST FETLIFERHE
F (CF,2002), B, XEILKTH¥SST RERERRT—HK, EXEXESE
B SST RADEF F4tE (Aleander et al, 1999).

W4, BMKSWAEICATESST RENAGYETRRERYE? RAMN
X, RNMHXIRWAWEHEE SST REYELBENERCEEFARN
(Kushnir et al,2002)., B, MXFEMHR, EEHRXELERAEN
MR AFEH SST ¥ EHLELERE, FREWRKSHEFRMENBEA—
B (Peng et al,1997) , LB EE (Ting et al, 1997;Liu et al,2006). &
SEEF, RIEEET: KSEMEFINXHRRAEEEEEHHAMNIET
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IERFE, EREFPARAVAT RN B KIHEE

RTHAMN. 5XRMAL, EHEHERTERS AR Rossby Hik. BT,
BOMEEREET T HEEN, RN, Fit, BRIEXFERIZDAW
BLALAT# SST REMF T RITEERA.

FEFERFILRFERSM SSTRENRw N, XERME UCA 4k
ERFRILKPESST BRERTREATAN. SATABFABRER, MCA 47
BRIEHT: EIEKPEPSRRE-KSMEERNR, XOHEERESER
Hfy; T ENSO R SR FENEHEERALELR, FEH—MEIFX
TR R I A F#E SST £ 2500 9 MCA 4447, RATRB T AFEhSEHE
-AAHEERNRHRBES, BREE4ILATPE SSTREMREAFEL
REEOTHRE. ZRMESHIESTREAEFEIRENIHY SST B
%, HELKPHE 500hPa I EREFZERAENEFIHHE. RBTESAA
BU& LA T SST BE B B AR,
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RTE, EABRPEEHATVAEERNE S HISE

FMA A JJA ASO OND DJF FMA AMJ WA ASO OND DJF

B 3. 1.1 JbKFi¥ SST &5 Z500hPa iz % /%1% MCA A —REFE (SO). £EEL
RAMEE ENSO 5569, MABERRMIEE ENSO EEH. BPBEEHFEHNRSHESRS
%R BO%MBEFERR. BHMRE Z500 ARER AR, MAMRESST 5 2500 BT 5
e A& (EHEAR 2500 Al T SST).

Fig 3. 1.1 The SC of the first MCA mode between Z500 and SSTA in the North Pacific(20
* N-70* N,80° E-80° W) using the NCEP reanalysis data before{left) and after (right)
removing ENSQ effect. Shaded indicates those past 80%(light) and 95%(heavy)

significance level.

i 1 1
1959 1964 1969 1974 1979 1984 1989

Bl 3.1.2 7 MCA 447, SST (NDJ) K5 2500 (JJA) WIEF@ERMELL SSTA BHRIFEF, BIALLR
REEER.

Figd. 1.2 Normalized SSTA time series obtained from the first MCA mode between NDJ

SSTA and JJA Z500(pattens in Fig3a). The X coordinate indicates the year.
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X FE, EXERDEERTAEERNBIETEE

S=04=-03-02-0.1 0.1 0.2 03 04

A 3.13 7 MCA<SST, Z500>%, BifHAEH SSTRRE (AREFHEeSHEART, &
f7:C) MEZ MMM EE (JJA) 2500 MR (REFHERER, K. m). FFEH
SST(QUFI A {5} ¥ 1 2500 43 BB IT B SST(QOF Z500 HEM Lk MCA 2 E— IR
ML SSTQONEAFFI LB E)M. ERRTEE, BERRAME. Ba. b, c. d. e, T45
R SSTHETEE UJIA) KK-7. 5. 3. -1, 0. 1 A.

Fig3. 1. 3 The associated homogeneous map of SST (shaded, unit: ° €) and heterogeneous
map of Z500(contours, unit: m), with 2500 fixed on the summer (JJA) and the SST lagging

by-7,-5,-3,-1,0 and 1 months.

25



JEATHE. AXBRPHERTEEEROBIEITSE

(@)

E0F1 SST(NDJ) / SCF 47%

B 3.1.4a) L XFHESFE (NDJ) SSTHRR ENSO 15 5 /5 EOF ST B—44F, HHEL 4™

b) LA FHEE (JJA) 500hPa fir %% BEH4Bk ENSO 15 8 /5 EOF T E—Hik, HEE
32%.

Fig3.1.4 The first EQF pattern of (a) the winter (NDJ) SSTA and (b} the summer{(JJA)
2500 in the North Pacific(20° N-70° N, 80° E~B0° W). Tropical Pacific SST effect

has been filtered out before the EOF is performed
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ERTPE. XEEPEERVIEAFENBIRIHSE

HNE ABUARRHRRER SR FEESHEER

BELZAAPEN ERERFEURTRENSEERA, BXBLPEN
XEMENBELFAT . BERIEAPENTLRM, CEAFENBARRIZ
WX FEGIUAXBCERREENER. £SREHLERERANH
B, AEEERRGEUARINERR SHALR A ERENASTAER
KR

4.1 A FE LB LT 47

411 FFCBURRAMBRENEH A ARE - AEERY

B RNMKAAM L EEHERDRNDERIRAZEBURERA
BRESZHEMRAOAFARE-NEERHHXE, RESTUE 13 £8%
FREAREAERE (H4LD, FBEELBTHEL BEFRTFAZT 05 0E
7 (1980, 1982, 1985. 1987, 1988) EXAEAUREHRBEBMER, MF
MFT-0.5 MFER (1981, 1984, 1989, 1991) EXHKEHHEN. A, BH
BERHERAILER S000Pa L HFE R, SHNIBREEHSROLEE
BESiEm, BHEEEUARHAERENTIMENKAFAGNER (B
4.120). REHTEHRTLUBHEAFEEBUARHAERREASNNSAE
BR%¥%H (H4.13.0).

ER=FRAFICER S000Pa FRMERK SN, BESBRPHENLT, &
FRUAEBFERRRORERAEVAFREERSES (& 4122). 4%
FEBURRYMEERN, JLEIR S00nPa MBEHEGZNERTEGRELET X
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EXPE, AXEEPEAERTREHANRIEHSE

ALK FEHREERYE, HETHRERFESD 0.1 MEEHHR; RE
Kb, EEXEHEABEFREREEED 0.1 MEFHRRE (EH 4.12b), &
RALZFABUARBREBRNNEFLERRALERRINE. SR, £3
AT AEERREBLURRANESERNEFFERERER, 4%
FEBURRBMERN, ALK FELFHFLTEARS (B 4130, &
BUR BOCE UEBHGFRAAREREEL 01 MEEHREE (B 4130,
SeBURRHAERBENN, EELKFE-——BAREERAXETEY
EHRAREERERS HIEEHURBRNTERRERARE.

EEME 411, 4.1.2, 4. L35, RONPRILFSZURERR
BEREN, ALK FENSRAEERERSRER R RE HIE KR R i xR
XR: EBURBFHERFTRN, BHAEKREERKXSBERMNG S &t
[ 500hPa I B REHERRKPELBLEERAEENRERTE. W TH—FiE
ERXKFESAAERSHERRKSHARREFHORNNXR, BIIRBTRE
(SVD) SR EIREFIMGREHEHES.

4.1.2 BILKRP S HRE B 5303 R 500hPa {1 HH L SVD 44

4% (195871993 ) ALAFASKEEY (RERRRNAKSEHA, E
EREMNKSEH) SEHHILER 500nPa I B EHE SVD E. H—. =,
SHERSHNESRIN 70, 4%, 12.2%. 7.2%, B—HEEFLINESX.

ME 4.1, 4. a TTLLE H &£ F IR ER 500hPa fr 1 H A 35 SVDL AR FRE A
Fou: EERKAR. EEXEZLATGE LFSEHFREANIEBEERE 5EKT
HIZUAEEREAR. WEXSENE PEER R L REENRN, HET
RAMEES RILEBESME, A PHBIERERLLARERE; RZ
TR B 4.1.4.a FRELAY 500hPa LA BERELE—BRENZRLHESEE
IARBRER RGBT N RSN ARES (H 4 1.2.b) EXELL & 500nPa
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TERF#R SbATE RS TAEERNE IR EET

UABEREGEEEENELATHAERRES SV S—HE3ES
i 4. 1. 4. b, WIAPHEKEMERRE BN AR % 38 5o i
B RREP LN FEGHLERRRIGTES. BtAFEsMEERELS
—HENEAS A (E 4 L4 D) 588 UAEHAER BB HEER
HH(E4 LA MTESHFHEN. B4l 4. c REEBHIREGNE—HEES
EX IR R K, AN B R S T A4 20 0. 84, PR IE) R BO7E 1980 48
RESEBUAREREREREANAFFNXREEEEY. £4BUERR
MR KL 1980 1 1985 &, SVD E—HEMHAIMERENE; EHEIY
1981, 1984, 1989, 1991 &, SVD F—HEMBTE R M N R. HHHFHIL AT
FRERSEERARAANBSEANIES) SEEUABERETLE
—EMNNEXR. EEURESRENEN, KAXEHBHSEFH (TR
EER. REXHE. LEBEFHME), AEAFE--SHEESAZREN
BERMASRERS RZFR.

M, RNE-FELTAEEEUABHAEN RS AL A EEBERK
ARBAMMERE: LBEBURZERENEN, BHRERKRELHAS
AT 5 M tEBEE S000Pa I B M EHEIL KPS LT LA EEWEE
FH.

4. 1.3 KEGHLUARERGZER T 4ETLATREGHEERNRRT

ML, RNEETAFEBUARHRBRESAYAIL A TEEENAS
AEEMRR. YRARESURAEN, CELEAILATEGENRLES
ERXRMA? 4§ 1980~1992 FRHAFHRESAETIATESLEEL
500hPa {7 %% &35 SVD F—HUEFT A A0 E EFI SRS RS HEMT, &
GRME4LS Fir. YEBUARBERBRNHEN A, SNOHLERRK,
3% 0.60 M 0.74, it 0.05 HEENRR, XEKM 10 ATF LM EEL R 29
HERY, BNASHIEATFES-THEKAFERESHEY,
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kv, EREFPHERETHENAGEIETSE

Bt SVD HEmAARAT, BIKBEBURI0H. 1 AR 12 AL =
HRESAEHILATABERKSATRENLET XA BAXHEHLERE
fHAAEEL? BIA—TBEER (XEF, 2004) BE~EHR, ZEHE
HERRERARAEFMA (A1 B 1 BIFE), KSR IXFIRE AWM E
HSEESM, 12 A 2500Pa BN BEEREI B SRILEA SVD 48
BEH 500bPa Y ABEGZE R SHZRASFEIEELEM, ZRIETHILKP
FRAFER, BEZAMNERNKIARELRTFELZEEENRERY. FiX
MEERRE, XAAE (BAREE) BRANSEN, MELLNEEE, &%
FILAPFEMBEESRORART BERABN? CROMERFN?

BEELAFANBELRA EN— T EEERRRBERGGIERSGEN
HREBRITEARE. HKABRTEERETEATRENENHERE (5
F5, 19%). MBHHBSAZALKTFEBENASEAHEELX, HHEE
EARHTRARERENMPENABRREHETAEALNEABIESH
BERREREAASKIFRENGE. TRENEHNHERE ELERILLT
RBFNARREENHNXRRT, R5RINTENEARBUESX: 67
UERBHREKBEMNEL, M EBHREMNADEERE THTHESH
MERD: HEHEMAELY 050 HE, 2 MNEARETERBIETLHRE
BUFRBERE SHEE 2500km 2T HHER, EHRPANHEREL, &
AR 10 AEBURBRHAERESIENRFRREFSHIALHHNEHE
BEX N\IKZEBURBHAERERMLER T A/ ILATERINE
SHEFERAMRE. L, BALE 2 ANEBURTHEARBES LSS
BB 500hPa 47 %45 A% SVD A FT A R B R I B F ik E KR, A
LidhEE R BB IIRFNBRBERNRIE,

AR EEDREERRMT, BRATASEHURBEAR SR
RAFFRELKFESHERGEANMERR: EEBURBHRELESF,
LA F# 04 20° LUILHR BY B 4 8 ZE T B o (K 5k b 35 tH B 500hPa £ 35805 54
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AR T, AREETSEHEVRENANEIRHSE

A%, MANELAEFERRE A, Bl 4FILEIR s000ra B HES
SRAMELRKFERAERGZN SVD 7P ERT EBUREEARS
REMEIERRAOARRBELAFESRAERFREOAFEHMXR, BB
AFEHERLT, REEHNATANEERERESASBAERKESRE /M
XERBRATY. RUT BENEEREATHEREFLAZOEIATHER BE-
REMERAERREENEERGRE, U LERERHNATMIRAY, =
HORTHRERERELTBE-ANMEERERWASHERCAR XY
REEAE B AEL

4.2 FGCM BmEERFH LR

4.2.1 FGCMBEHEARE SWREL ALY

EX FGOM BB A RARHAT R, BIAEA KB EWERARAR
BEETNE . BE4.2. 1.a 500hPa £ F L AREZER, NEHHE
E. REKME, EXEERIEREEREXSF AT ERETUANUSES
(H4.1.2.2) Il E5RIHL, ENZETEFT—%E£%. E4.2.1b
REAEFFIRTFY (242-298 #€AE) # 500hPa fr#h #5155 NCAR/NCEP £
FHRTIg (1958-1993 ) Y 500hPa I HBWEHZ 2, EXMESEREL
% 500hPa fr#= B HARM T NCAR/NCEP B3R . JbAFiedbss 40° Llibms A
REERRSR, MEUEMEATBEOSESHIRS, B A EERILEAR
AHTUERmE . BERXEAFRR TS 48 BHHEM T CADS BEHIR B
SRERN (EH4.2.2.0) TUSHRELE, ERPEERKEPLHAED
FUBRHEMHER: M2 EEHAELLS 400 B PONEHEREIRKE
HARREARE HERRURS, ME4.2.2.0 iR, £5XF, 478
RERMNUEBEREN—MEE, FURMMER LR 5000 A PETSRT
(HRERE) WHAT T 4T, bR TR T B8 S RS K AT
BRI REME N E LR RS T 2R T RN, RER
MNRGWALKFEL 200m FE LHRGER RS 20 BE LTGS2 EE

3l



AP, ERFEPHEAVHEERNRIAIHEET

(A 4.2.3). BHkiE, ZEXETEBEIASANTRARARESRE
LEEGEANSHRL, MALKFERIRANEIBRE. UTERXDE
BURBHABAT 122.5C 124E, b4 24° S RME ER 50 BEEEEH
ROBPKARER,

4.2.2 FGCMBABAMTER

3t FGCM R4 % (242208 B F) ALK FESFAB RS (AERKE
#RARKA, FERREFARIRA) SRMILER 500hPa L& FEIHIE
SVD #+iik. B—. =, ZHREMSHEWESFFHA 59.18%. 21.91%. 6.95%, %
—EERERERK. B 4.2.42 E FGCM AR £ F L3R 500nPa i 58
% SVDI KIZEES, ERMNAAREESRAFRIGFR: PEREAFTRE
B5RGMEGERMUM. BF4ELRRERFH, KERNEHSER LR
BERE. AAMKEPLERAELRFFILE, NEXSEFNHERELE.
5% 500hPa I HEE R ¥ H F—E SN AR FGCM ERAALKFHHEER
BiHMEE S mE 4240, TR FERTSERRKSHH, BRRERL
HRERREHFFX. BH424c EXHIFEGHE—EEE XN ERY,
BB (8] R SR R AR SR K 0.76.

HE 4242 58 4.1.4a LRITUET, BELE FGCM EAFH 500hPa fz
BREZNE—HES NCARNCEP BRI RMEREK: AP 500nPa
fBHmEHEERAHRI TS, T NCAR/NCEP FRNRZM A HREREE.
XExRTUAEXERARNNSEEEZRLEHRIRE (B 4220, B
423b). BE, NB—FEKEK, HEEFEFKE: ELXFRELZNIA
FEREEEY, HAXEMNAHRAHARERY. ELRERT, FRURE
X FESBEET. GE 4245 F0E 4.1.4b, FEEHALKFENEET M
EHRED, TEZRRRAKETLOME: ERXBERB/KREPLOETEHAER
BEMAR, 7 COADS #AERMAEFLAETEERIIMNERNRGEMHE
K. BHBRE, £FHEICAFESSIHEEAN, EXARNEBILKFE LS
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EXTFH, XXEBRFHEERVRELETONI EHFE

BIURERSESHTRBER L RER—BH.

REMSFE, WEAEGBURERMRES 500hPa S HHEHHAELA
VBRI SVDI AN B FEFEBHAREHEEMT. dE 4257
DEH: B BN T A RN AR RN ESA SR AL REERASE
HHEEEEMX, AREENTAE—MA (BRE2 108, 11 B, 2 A¥HE
HE) B, E5%%F 500nPa fif #7558 5E B 5 — A BT 3 Rt 8 55
BAHRAMERRK: ME, KHEHAHEMBLBEEE 4.1.5 B0, =2
BARESHHEE SVDl MEMEFFHXHLENEOELEYTES
500hPa fir & E ) SVD1 3 RuBt 8] FF 5 4855 48 B0 35 fb RS P 4B — %,

RMFAH FGCM BREHARRRETHEMEMU B ITER: &1
URRHAER R EN, REARLKENEERAIF LR, THLL 5000Pa
RUNAREERAELKFPEOLAZEN AR LEHANRERE, MERHK
KA EBURREMARSASHUATEEENKSREAHEEHE,
B—SHRTRIMMKREBURBEN AR SR AN B R AR EERTAS
AR PR ERMTBEORTX—EHHREL,
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1980 1982 1984 1986 1988 1990 1992

E4.1.l £ZEBURBHRBEOIFELET (1980~1992 %),

Figd.1.1 The standard deviation of Kuroshio flux between 1980 and 1992 year.
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4.12a (1980~1992 ) £ F LR 500nPa P A BB H(EA: m).

Figd.1.2a The average winter 500hPa geopotential height(unit: m) in north hemisphere in the

period of 1908-1992 year.
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HERTT0IMEEHER.

Figd.1.2b The difference in winter 500hPa geopotential height anomaly(unit: m) in north
hemisphere between strong and weak Kuroshio years. The shaded area is in the significance level

of 90%,
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JEXFE. CATEPEESTREERNE I HIHHE

15N

10N
120E 130E 140E 150E 160E 170E 180E

4.13a (1980~1992 YA EHR LA PHETHERERIHEL: WmD)

Fig4.1.3a The average winter net beat flux (unit: Wm2)in Northwest Pacific in the period of

1980—1992 year.
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4.1.3b AFEBLRRFMBE S5 BN EF LA TS BB BIFEA: Wnd)
MER BEETL0INEELRS,

Fig4.1.3b The difference in winter net heat flux anomaly (unit: Wm™) in Northwest Pacific
between strong and weak Kuroshio years. The shaded area is in the significance level of 90%;
solid line indicating ocean releasing heat to atmosphere, and dashed line for ocean receiving heat

from atmosphere.
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EXFE, ERFEFEEMTHEERNB I EHHE
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M 4.1.42 £F LR S00nPa T BB ALH(HAAL: m)SVDI BRF

Fig4.1.4a The pattern of the first SVD mode for the winter 500hPa geopotential height(unit: m) in

the North hemisphere{unit: m).
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Fig4.1.4b The pattern of the first SVD mode for the winter net heat flux (unit: Wm?) in the

Northwest Pacific.

36




ERTE, AXFERTSESTHEERNESHIHEE

e B e MR B m ey o T T
1960 1965 1970 1975 1980 1985 1990

4.14c £FIL¥ER S00hPa i1 HBAH SVDL FRNMBESFS (LK), £FELKT
HrAERY SVDI1 B EFR (BR).

Figd.l.4c The principle component time series for the above first SVD mode (solid line for

500hPa geopotential height , the dashed line for net heat flux )
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4.15 GEHURFHRERESAF 500hPa R EFEH RS HERS SVDI X AT EAE
FIRTERI RS HEX. BHRTFHREYMAR (EE=MEFH) SiTEHAE T SVDI 5

MEHEFIGAS, EERERE RERRSN. XERESHAES S00Pa I BEE
¥ SVD1 X BB EFFIAHER, RERBHMESHHERS SVDI X R EFFIE %,

Figd.1.5 The lead or lag correlation map between Koroshio transport and the principle
component(PC) in time series of the first SVD mode between 500hPa geopotential height(solid
line) and net heat flux(shaded line). The X-coordinate represents the SST number of lead or lag

month than PC(positive value means lag, negative one means lead).
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IEAFHE, RABERAPERATHIEANEIATHEE

BEYYsEBIER

42.1a FGCM BEEXE£SFH (242208 R, E) 500hPa (I ¥ HE

Fig4.2.1a The average winter 500hPa geopotential height{unit: m) in north hemisphere simulated

by FGCM during 242-298 year.

KRB ERERERE;

B 42.1b FGCM #BAHERAL ST (242208 BRXE) S00hPa AP HEF L
NCAR/NCEP M & Z ¥ (1958-1992 £E) 500hPa fi 5 mEHHIEZ R

Fig4.2.1b The difference of winter climatological 500hPa geopotential height(unit: m) between the

FGCM output(242-298 model year) and NCAR/NCEP data(1959-1992yr) .
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LR, RXBELEAGVAIEFRAORSEIHEE

: e
= A

B 4222 FGCM BABRALS T (242298 BAE) BHEEHEM: Wm?)

Figd.2.2a The average winter net heat flux (unit: Wm')in Northwest Pacific simulated by FGCM

during 242—298 model year.
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- EEEREREEEERRE]

M 4.22b FGCM BAMA LT T (242208 BAE) B HERFH (B4 Wm?) 5 COADS
AFVH (1958-1992 ) HHERBHER.

Fig4.2.1b The difference of winter climatological net heat flux(unit: Wm™) between the FGCM

output(242-298 model year) and COADS data(1958-1992yr).
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4.2.3 £ A FCOU B AW AAILAT# 200m M35, £B A FCOM BERAT LS 24°
EHATHEMET S

Figd.2.3 Current vectors at ocean depth of 200 m(left figure) and the speed of the meridian

current(contour interval is 0.05 nys) alone 24° N. The maximum meridian current speed is

0.45m/s.
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i g
 EARREREE

B 4242 FGCM BEARAFF L EIR 500hPa i1 AFEH(BEE: m)SVDI

Fig4.2.4a The pattern of the first SVD mode for the winter 500hPa geopotential height(unit: m) in

the North hemisphere(unit: m) using FGCM output .
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Fig4.2.4b The pattern of the first SVD mode for the winier net heat flux (unit: Wm?) in the

Northwest Pacific using FGCM output.
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AP, BAEEFEEHUVREEROR S FHH T

X N
i

2 T LAREE R AR AR | I
45 50 55 60 65 70 75 80 8 90 95

B 4.24.c FGCM & &2 500hPa fr %R E 17 SVDI SRS (£ RHiLR
TS AGERS SVYDL MR EAFIER (B, XAXREHN 076,

500hPa geopotential height , the dashed line for net heat flux ), the correiation coefficient is 0.76.

0.0 ' : y T ' T ' ]
=4 -3 =2 -1 4]

4.2.5 FGOMBAHAEGBURTHERMR S AF5000Pa 1 BREHRFHRERS
SVD1 MMM EFFGBAAEEHEX. RMRTTHESAE CEE=1AFH) BiR
WET sVDl BiAR LN EFFMA R, EERRHES, AERKEN. XRERGARS
500nPa £ 3% E % SVD1 XK EIFFMHERX, BERBYARSEHERD SVDI M
B ] PRI KR .

Figd.2.5 According to the FGCM output, the lead or lag correlation map between Koroshio
transport and the principle component(PC) in time series of the first SYD mode between 500hPa
geopotential height(solid line) and net heat flux(shaded line). The X-coordinate represents the SST
number of lead or lag month than PC(positive value means lag, negative one means lead).
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Figd.2.4c The principle component time series for the above first SVD mode (solid line for



ERF#, EXTEPER TR ERANRIAHEE

EHE SST. AEESAAEESHEILER

KT KAHE SST 5RAFHHAXRE, BEFA (Czaja and
Frankignoul, 1999, 2002; LAFM# CF) RHUE KAWL KEFH DB
SST (Horseshoe Patten) B % G5 E R AL KT AS) (NAQ) f9WIRT, Bt ks
MCA (Rotated Maximum Covariance Analysis) (Frankignoul and Kestenare, 2005)

A, X—EREHE-SBIRIE.

RIABERAFRGER— M A A RBE, SST MABEUFHE
HAF M A B Kushnir et al,2002;Yulaeva et al 2001:Sutton and
Mattieu, 2002;Liu and Wu, 2004) /B K, RAIZE CF FRMER L, b ARE
SST. #UEEM 500hPa (L BEE RE (2500) Z [EIHI% R T it — S R 47

5.1SST, #EESHE 2500 BIX R

B, BINA MCA HEAMTIKEE SST(20° N-60° N, Ei#)H
Z500(20° N-70° N, A5k R, ER TS CF M4 R, %A% H MCA<SST,
Z500>R ¥R, WA 5.1.1 B—ATH; ZEEENEIERE: YASEWTF SST
— AR, MCA £—H#&H % SC(Square Covariance)I{ESEHE X, HBX
EHAELFE, ZRAFEERBRTELKEERSN SST BELEREEE
Jb, RERER-—ARAABTUBERIINRR. IKES, BEBHL
7 (B—WH CF BIREN) B: Y SSTHITFEA (NDJ) K5 3—44 A,
HET R _AH £ SC KEF L. ZESHIE SCF i 60%, T 5k T3BiE SST
FATICEM L. SR CF i, X—ZRRVEKN SST 6B BWI 2 Lm0t
RPGHEHEZ NAO, 81 5.1.2.8 B, RITEHEX SST 54K HEMH
44 (BUMCA<SST, Z500>4 47 B K (JAS) SST 5B 4 (NDJ) 2500 Z—i
AETARE SST FRAELIFEIRFFI, 1 SST 5/ Z500 &5/ 8L & B 3% 6 (7] 51
L, 7HBEREER SST ZEM T ML Z500 BHESH) BE: X
L SST ZA TR B & KSH NAO ZH 4.
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LR FE, EABREPEERTALERNEYIRTHEE

THEHERIRERHEENKTOER. AREH MCA FEMHks%E
B Q5 Z500 #9%F: QuABERNSSTHALS, 2500 ERERNES,
F MCA<Qt, Z500>% 7R (B 5.1.1, B217). BEKH, HESCHESHMHEN
F MCA<SST, Z500>K H 855 E— S A HER, BAXBEETH TR HHE
HERBKX, UBRKPRERE. 4T MCA<SST, Z500>4 4, F—H 58
K& SC HBLEE K= HI T SST — A A et &, W 7E MCA<Qt, Z500>4-#74,
F—EEHMBERY % SC 2FHRAFHRR. LHEBEITARST A
REt, HFESCHETSRBEX T EMLE, HEXEIETISSUNEEHED
¥, BEABEBEHAMETRACNERMERL, HFEMESCRERN, X
EERAXEOYEEYN: EFAMMBREL, R BENTAEERAXS
ZUHER——KUELBERNE. UREEEE. REABREFEXERBR
LM RE M. R, KSAAEEMHMCA T FEXRHASRAT
REMEHFEXRFR. Flim, MCA<QL, ZS00>47 4, ZEEAAHEE—1 A i
EE&E, F—EEFE SC FIRIMIXFEEFH X3R5 & 5 2500 % 2500 B
MCA &R K (BIg). EHZBMA— MR ERHE: AU/ EREWT
E% (ND)) KHEZE=AAHK, F2 SCRUHREEREFES, MANKEEY
BE SCF ik 50%Lh, HHMSBAGEEN ELRSHENTRE=NALA.
Beet, HaEhHGE BN R4 (NDI) XS RREMX FLEE SST R EEL (NDID
KEFBEKRT—MH. B, 2@ 5120 Fix, EX (A0S) R#HpAFES
8] 5345 S5 AR 60 B & (NDID# 2500 ZE 345 58 5.1.2.2 PR EKUAS)
LB SST M4 AMEL (NDJ) 7500 #4410 EX (JAS) ik
BRENE (B) SSTRESREERS —MANKS (BH) KIPEERE,
MEMXLRMEEFEHES (NDD KR8 (ER) LXFEE#ES NAO.
EX (JAS) WM OHRERNPERTRERE 1-2 M (BB ELK
AEERW, HXEELN—BOREEN DY SST (CF).

B EA_E MCA<SST, Z500>M1 MCA<Qt, ZS00>K X th 44, BRATEMERSD
BEREIRS G B R RAKANAO BE SBAT— A WD SSTRES
*. EHUFABBRRHUTRMEH~MAK SST REMHWY: B (W) B
SST RERMAS KR (B, MEE (A1) MRHXERRE., REAEEX




S Ty s TSR N R T

ERTFE, EXBEPE TR IEBNB K HHE

SST KMN g8 hF—AH, BEAFHER L, #EEX SST HmNE X
HE—MH. BAEEEHTHOHUEE (B S0%MEERR, BIETF %
UM BRFEROMA E SC 5 HRELHRAUFMR S HE B L5 THEMAM)
REMHT . ZHEENKRIMBATRESEATEEIEERAM AERTER
B H AR AW A 3 (Frankignoul et al, 2003). BT FRBMMEERE
5h, BERMEREREEL—MANMERELAEEM K BEFEEY
.

5.2 SST 5RERAIMAEERNEHASHER

FTE#—F2H SST. REBANKK=FENXR. RNEFEHRALEN
HEEEWT DEE SST ZESH—AMA AR BERHS TR SST (g
aii—AAE, EfIANRXRE. IREZLUHEELHNT SST B, ERAE
FREEY SST MBEER, WAHREENET SST REN, ERAXENTE
%} SST R HIwRE .,

EERMORRT ARHGTERBITEIT, —HERERHELERET
MCA TR SST HEARFI L B—RHERIMGEHR— M2 ERE=5K
MCA #¥7. H5%, B MCA<SST, Z500>4 P B K (JAS) SST/#14 (NDJI)
Z500 B — AT M AFREILA SST MEES; RE, BHETILIHR SST
RE—A AR AEBGREENEN EFET L, BRRIIEENHE BFZIX
B SST REBRKNZ A M (B 5.13.2 7). XK E, RIN#ERESHED

(B) SSTR¥EL, MEMAE () MAEE (F (/) HHBEEREAHASN
B R#)). B—FR5HE 5.120 PHRAERETE I HEMN. EXE: 24
LE SST AEMNEHARBARETHERGRLAN, EREFd SST 5%
FEERREREERE G SST B RRNE—MERAHBHLE.

ETRMHEHEY SST REHRMASEN, BRIIVNEIHT SST—MAME
FEEBFHEHTRI—EER. 5H 5132 FEEL, RNIBHTENTOH




AT, LXEETHEREVALFHOHIRTHEE

FSSTREB—NAFMNEMBHMERREY, WES.L3bFR. ZEER.
ENRBEERE (WASHEH), NEEHBHA SSTRE RL: MRGHGE
FE (ARRRA), ANEERILENEENE SSTRE., JRERZEHIF
BHEH: DB SST ARBENRAERERANER. R, RIIEEE
B: £ES5.13b Lk, FEEESSTHRNEENDERRYE (AXEEH). EK
BHERREE SSTRENSEE, 52BHABIREN SSTRENNEER
FHASKEHAR. XTE—R, RIMEEFOLETHROBE. B4, BRIE
T TRHHBEERE—TANSHE SST RENMYXE, Ko6ERE
BAREEGN—F, BEXPTSHMARFE, RURSDEENEH SST B
FRTFEEEXRER (B, Bk, KM ERBHT SSTRE—4A
SEXRHRBEFRT SST RE—AAH, XS5 SSTREGHNFSEEXS
TR, RRBTRDBFEEILKFEFE SST WRNEEH. Fis, HHAER
FrEESSTRENER, LSSTREFER, EXHEEFLS SSTRENAS,
FEBSANHEERA A RBIS (Frankignoul and Kestenare, 2002). & SST
BAAHEXEF, REBGHIHNEERRAMERAE, XEAIERN
REFHEERRIAMEZHNEERANRESHNR (Frankignoul etal, 1998), KX
RARRE, AEENIHNERATUREBRNT: D% SST REENS
REEFEN, HEREEIBRAEETAINABRBIIKIE.

i€ SST HMNERGHEHR—IEH S 2500 BEGIE MCA 417, RAT
H—FPRIE EEHEN. $—85, A TRIEIANHEANRE, RIN9HEASE
HIbaHE DT E kAR SST MAE B, BERERITE MCA MriTx N L
H—f. B8, EEREALSK SST HSHEEHEHRES, T 2500 HE
S, B#T MCA 4. TE, RAVARESHFHDEETHNHFTH
MCA 5 #f1: ~ABHETF SST—MAMISAERS SST M4 3155 2500 fir
BEEZATHEITH MCA 247, B MCA<SST/Qt, Z500>F%; H—MREHT
SST—A AR EHE RS SST §94 #175 2500 fir 3% B35 BT #8447 8 MCA 2+,
Fl MCA<Q/SST, Z500>3 7%,

EREH BB ER ST SST B MCA<SST/Qt, Z500>43#rh, B—EAN T E
FRE (1@ 5.1.1, E=ZTHR) BHH MCA<SST, 2500>(8 5.1.1, B—17)
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EAFE, LREFPEESTHLERNTIRHSE

M MCA<Qt, Z500>(F 5.1.1, BE_MKEEIHE. AR L SSTTHBEBHF
RuE, BEFEHIERNTEL (NDI) K5 3—4 AtGiF. 58034
R SST/#GE BT WM R & (ND)) XS 4 B4 (B88) /LF 5 MCA<SST,
Z500>A TP Fi BRI RS NAO ZE 4B 5.12.0— 8. &1/ 5.1.3.c FFiF, A
& SST/AE B M 4 M IES 3 5 BE M SST ZRAAHREE—A BN
PEERE TR M(E 5.1.3.0)—#: REOSSTHREENHREERE, WA
BEAE: MANSSTHRNEANAEERE, BFEMNKIRBAE.

EBHEEBINT SST # MCA<Q/SST, ZS00>4+ 47, E—EEMNFER
RE (A 511, FOTHR) EEAER/SST Bi AR ETFASNTERE
., MH, WHRBEEELHEEY SSTHEA TR S ESHM (IR, #
FIFREELENR: EXE—HEENMCA P, BE (JAS) AFEE/SSTHE
& (NDI) KEMEWNELGRBLEE, ENED 50%. B%& (NDI) K8
8173 4 (EIEYR SR & NAO I %, 5 MCA<SST, Z500>87 /8 B & A 3564
i (B5122) —#. @18 5134 iR, SELRSHTHRE 4—5 Ak
HE/SST ZRGHEERMBERLAER (JA) 5 SSTUAS)EHIKE: FM
PEE (AXSEH) LW SST RE, MAKNKER (AXARM) Wit
B SST R¥%. X THT SST - ANHEERTE (E5.13b) Kif, %
GREFERMEN: DHESSTRERNVATEREEANSE,

EABEZESN (E 5.130) RABE/SST 4458 MCA 447 (B
513d) &, JbfEFREERMHERG—RIKEE, FHHERANES BN
SST R#, ZEESRMAFEAN——FEH SST REERERBUIEANER

(MEMBEENNHRES AN SST B¥) HE. %5 LYERMARSDIE
ERBEAB BRI, RIIXRRE KRR 5 BB IR SN E Ly
& (EE). BERXERBHLENEROBEREAREART K, BITHEE.
EEIEAY SST B4 £ EZRIHH Ekman FRAE S FAROER, e ebtm
EREAEEMNBER. ZENSEH SST —MANERRSSHEE (B
5.13bME 5134 FTOMAYE R RIERNERRRE, FF %4 Ekman
B, GREETHILEESEOTRE, BREPHTXMLAMESST BE.
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BEKH, BREEN SST SHFAHETE MCA St X R TERATA
Bkt REDHE SST REABIHMNRERRETE, ZREIRR
HERRERMTAS.

it MCA 2r#f, RAITFR T A XFERSIFH (Z500). SST MHERMA
MXF. MIEREY: KX (Bif2-38) HAEERREMNEL (NDD) X
SpEWERE (B34 A) KIBRE SST REHEX. MREDHENK SST
REFERWHMNERZAERREEANER: BEXHRELAE, EXEL
MASBERAERRREETELRS, AT, YBERMITLHEY SST R
e, BNEFEARENES PRV AZERERATESRRSNEER
g, Hit, ASSTHHERRENAEE, DRENSSTRERMEHHMER
RENBLRANAOMEREEELKUFENRATTER,

BAIOET T RGERBEI 3—4 MPHNDHE SST RERNAEWE
AXRANYELE. BEhaAPHREHABHODEE SST REMFENAEE
RENHET SST XA—1 A, BTHRESSEAZLABEERRBHER.
BiE, —SEAWALEREY: ZHIHEK SST RERVRAAFTNARR
BIESIEHN: TMXMH SST R¥—HFLH L, BIUEARENRURS
KEFHREMEHEER, BEFBT K%K NAO ¥ (Cassou et al, 2004;Peng
et al, 2005).

RIOMFER: LHERMYT SST RER, BFET—MAULKAE
BERTFERAANESEHES. XEXMASELMAERNEMIL SST X
HEWMERMZHEX, FLl, HXMT SST kil, MAFEG ERIMEHELS
REWEFSERNS. Bk, LPERBYT SST ¥, ZREEWT, €
MAAWEBEEESESNE. Z—ERETUTHEANNREYS: F— BAT
SST REMME REEH FAR—4 AL L7 UCAQL, Z500>7H4+ (B 5. 1. 1,
BAT), BRI TAS—AMAN BT SSTHHERREEAMERE LM KS
PRERE, XRTRA: £=, XL, RMNAINATSRBEENATA
FEWREELASWN. TAREBEREISENEFITERNELRE,
ARRFAEH RO AXTHEE (Yulaeva et al,2001;Sutton and
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Mathieu, 2002), EEEMEKMHERE L, SST, AEEBNASX=ZMY
XREFHTHETA.
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MO A< 33T, 7500 =

M CA= Of, 2500 =

MCA< S5TICt, Z500 >

MCAe QISST, 2500 =

B 5.11 SST RAFE MBS Z500hPa T AFEH MCA ST E—HETE (ZE) FRE

(5B, E—1TR: MCA<SST, Z500>, 5 =1F7: MCA<Qt, Z500>, ¥ =1T: MCA<SSTAQt,
Z500>, HMUAT: MCA<Q/SST, 2500>, 7EiX/L, Qtf1Q A EMHAABABAHER.
BPHERRERIHRAR 5% KR S0%MBERRS. WARE Z500 AERERA G
MAMIT SST &5 Z500 BT EHEH AR (EMKRE 2500 BHTF SST.
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Fig5.1.1 The SC (left column) and SCF (right column, unit 1%) of the first MCA mode between
the SST and/or surface heat flux and the 500 hPa geopotential height. Top row: MCA<SST,
Z500>, second row: MCA<Qt, Z500>, third row, MCA<SST/Qt, Z500>, and bottom row,
MCA<Q/SST, Z500>, Here Qt and Q represent the turbulent and total surface heat fluxes,
respectively. The significance level of 80% and 95% are shaded in light and dark shadings,
tespectively. The abscissa is the month for Z500, and the ordinate is the lag between SST and

Z500 (positive for Z500 leading SST)
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f 5.1.2 (a)ff MCA<SST, Z500>%, B HE (JAS) ERiEH SSTER4H (HREFSES
HAFR, B C) RS ZMMNES (NDI) REikay 2500 ¥E4%H (RREHEERT,
B m). (b)&E MCA<Qt, Z500>F, BE (ASO) EEigMitsiHfE R TR YA (HEH
HESHEARR, B wnd) IS5ZHHHEL (NDJ) FEiEH 2500 ZESH (BE
BHKER, B4 m). FRIEH SSTQHMR &R 2500 7+ HHid # ¥ SST(Q)F Z500
BEM LR MCA A B —EHREWL SSTQUEFF LBSIM. TEXREME. BRA
#RAE

Fig5.1.2 The homogeneous map of later summer (JAS) SST (shading with white contour, in oC)
and heterogeneous map of the early winter (NDJ) Z500 (contour interval 5 m) for the MCA<SST,
Z500>, (b) The homogeneous map of later summer (ASO) turbulent heat flux (shading with white
contour, in W/m?) and the heterogeneous map of early winter (NDJ) Z500 (black contour) for the
MCA<Qt,Z500>, The homogenous map of SST (Qt} and the heterogeneous map of Z500 are
obtained, respectively, by regressing the SST (Qt) and Z500 fields against the normalized time
coefficient of the 1st MCA SST (Qt) mode. Solid contours for positive and dash contours for

negative.
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C) M#ETF SST —MARGHERE NS (RESHERK, &4 3wm®), BERE SST
B J6 — R 653030 %8 & B MCA<SST, Z500>4H 87 o B 18 1 38 —H & SSTUASYZS00(ND))
BRWLR SST AT L. (b) BEiEY SST FAAHREN— B EREAHE,
S@FER. () REEs SST 5HETF SST —MANRSBEEE@A44H, T
MCA<SST/Qt, Z500>7 HFr e H(JAS) ) SST/Qt 155 R A (NDOH Z500 B E—HF.
(d) FIRiEH SST ST F SST—E B M@ REMS 1, 5(c)%M, B2 F MCA<Q/SST,
Z500>4347. B by d PHEEEDABREHT SST —MANRG, HHBTHRY I
NAREALE SST REIFFFIE, BHENERE (RFAT 03m/s BIRALH). TERE
Eff, BEARERE.

Fig5.1.3 The SST-heat flux relationships. (a) The homogeneous map of SST (shading with white
contour, in oC) and the regression of (black contour, interval 3 W/m?) turbulent heat flux one
month lagging SST based on the first MCA mode of JAS SST/NDJ Z500 from the MCA<SST,
Z500>. (b} The same as (a) but for total heat flux leading SST by one month. (¢) The
homogeneous map of the combined SST (shading with white contour) and heat flux {black
contour) based on the 1st MCA mode of the JAS combined SST/Qt and NDJ Z500 of
MCA<SST/Qt, Z500>, where the turbulent heat flux lags SST by one month. (d) The same as (c)
but for MCA<Q/SST, Z500>, with the total heat flux preceding SST by one month. The surface

winds accompanying the heat flux (one month preceding SST) are also plotted as the regressions
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of the surface wind against the normalized time coefficient of the SST mode in (b), and the
combined Q/SST mode in (d). (Only vectors larger than 0.3 ms-1 are plotted). Solid contours for

positive and dash contours for negative.
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ENE GRERE

AXMREFHAMER, SAXFEARXBFPEEEHEERETE
WNEMGr . EEOFATHELT:

1. REF MCA J7iExffulk ENSO 5 5 #9Jb X F# NCEP/NCAR A 500hPa
fr#=EH (1958—1993 ) K COADS (1958—1993 €£) BFIY SST AT 447,
BREXTPEEESTHILAERTERRN A3 FRAEKTRIAM ENSO XHEA
FPHEBERASHEW. RATEAFETSEERRER KANTHEL W, &
H T XN “ RIRESE".

2. BRMEARBERMNIEAPESEREBERREM RS TaEE W “ KM
BE” BITRIE, RAXRMANBMAES, ZRMRBHES HIZF ENSO)
BEEFEN E—FERT ZRBRAEEME T KENGEEATHNEE
L.

3. JEid A NCEP/NCAR B 447 ¥ ¥l & COADS R # KB4, BARTE&UK
RORBERSAERRRPESERNAXTIRENNXR BEAIRESELER
MERSHHERTRENIEFE RNE—FEXTERBELAPERERT
5 500nPa iy AEEHFEHFERUZEOXES GRS HE, BHATFREEE-
RARFGEEALSEEUABHREREENES. B THEBUREY
RESTFREMBHFBHOH NG AN EFFIESHREEEX RNRAEY
EELFRBERERAAMAN, E54ERATENEERKAALERR
MXRELT.

4. EIL MCA ik, BATXILKIEEE NCEP/NCAR F - 500hPa fir #5517
BRERS. BRABEGRRGHTHHT, BRTIAABEGE SST REME
ZRENAO BWE P RSP SST HAmBRAMXR. it 44 RAH
SWEREHE, BETELXEERE SST BEM LK NO Bt B,

BREEREBROAEG.

BEU ERARH D THUFENLR.
L £ R PFHEE-KIHEERT, PMUEETHAFRIEELHISE, T
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BERBTEFEMASHN “RIREE". £ZBARENSHE SST RETURE
SHEETIMA, HEEELEXTFRRIIRORIREITERENANEXR, &
R “RBES". RUELXFLKTHF SST RERANKEEERSHARE M
HImTREHE

2. EHEALKFSBUARHAREEERERN, ALLXFENAEIZLRR
KEJHEBH, WSHLIMEKS 500hPa LA FHEHMNE X RBEEEEH s
RHEAEENRERFRARE. EREERE, RZFR. ZAEPERDY
BESTHERE, CREPOYERS (FOML0) PHREFEZARE. KFEEL
ARANBEFREATREERFFELCFFEENARIN—MBEEME,

3. Bt RBLEA 23 AMAEEREXMNES (N]) RAMERSRENDH
RSSTREEX. AN SSTREIERNNNERATEFRERNS
R: BEMREAERE, EXNBIAXIERARRREATEERT. MSST
MABERMEMNAEE, DHEMNSSTRFRMENRERRENELRINO
MEREIE LK FENBE™EM.

EXRPEEBERRKOEWET EMSORTHRIT. ETERFAER
FEEREMDEE SST RERNAEDBTRFREL AL, BAE
WX MESSRTRRXEY: IR FEDREN ST REHLFEREHEE,
REFEATAA. AT, MTFRMIBHETAREREE, FRETH—STA.
B4, RMOISHET EHRARSLASHIRTHEUERAXR, FERKE
ERURRBEL RARERFTILR B THLERNERT. FACROTE
FEOTmARARTRIE. SEAEERE, BRRIBRTHRE SST »¥EL
PASERABREATELKREN, BRREBREN 3—4 M AKNIER SST
RERMAEWELRXSHEAAYEIT R . XL 5 7 3 A RATN o 4 2 B AR
EERBARER, ERROFRTESEETHSRETHLERANYETER
PUBITEMFR, REXMPSEEIHIERNILR,
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