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BIE WS

ANTHEHETHEON D WHIERIEI EIFOMBHTHHEINWTE b, HiEk
FEDBRIBEZ L ORASERICEZIL > Tnd, ALHEREZIEZh2hOBEIKIZ
WUl —DEHINTED, 2NV IEINET —F BFEIT S IR
HEhTnWwb, L LEDEL, BRI —-THROWAIHBET—Y 2/
G LUTHEN LEAIEZNIEEL <2, Lrd, oYV —TEBohET—%
ZRHTAHEEDY, A LET—YOTICL>TLZ L DEHZEDS
NZAHEEDH %o Z T TAIIETIEZDDF—FIZDNT, ZRZNEHD
ANIHEDHHDNETE T —THLNE. BRHZMEDOA LHEEGEZHWTE
R Z T Uy R 9 5 5B DWW TG LTz,

BAID T — X REDWEKAIMIZE T 258 TH 5. B (B 2002)
Ti. National Snow and Ice Data Cemter (NSIDC) AS#E{ELTW\2 1979-99
FO 21 FRICH{ONEZFERFEICBIT 2Kk EREE (SIC) BRZMHT L. X
DOZFEFE(L. FBELBICDNTHAE. & ITHE 63 & 42 HI2DNWTDR 7
AN THRONEA » FERICAONDEAERES 7 VB, LW
BTHolo LPLEADSL, XA 70T —THRLNZKEEZEEERND
ATEDTITH O, WKODMICKEREEZ 5 Z HW/KIEOER & i
MTHZEDPBETHBEFZ N T Ty KX DFE—H Tld. National
Centers for Environmental Prediction (NECP) A33RfL LT\ % Sea Surface
Temperature (SST) ¥R ZMZ. SIC &R & & & 12 Extended Empirical
Orthogonal Function (EEOF) f#f %A 7=0 2 % CIEMAEIDKICE T B HF%



DAFI L A RO = LD HENICDWTIHAR, 3B TIET—F &7 —F LM
DITE. 4 BTIHBKORELEFIONWTHENFRIR 2B, & IZ5BETH L
(2 EEOF BT ORERITIE T &, A > FIEXK MBI & R 5 FETREZ &
DZ L% SICESST & D ZfERD AN LHET —F DT d L DEHEMT 5.0

82 ECidEEREEE L & U AR HROIERUTIRIC DN T,
o ANO@FmE T — Y ZEBERIICHWA S ETH UWA R BRZ/EKT 5
FHEEZOERICOVWTH L B,

MK BRI 350\ S AT SRR 3 B 7 301 KR A I LT\ B
W LI T 2SRRI O Fi KRB A SR B i AVHRR 57— 2 %A
HAUTCHRAREIENRT DI EDBEYTH S, LI LIDEFES. Hid > T AVHRR
WA KDL £ E X 62 BEND D, 72 THMREELEND, FIzAE
BT BT AT B AMSR-E K. B X CRICIGEIIC BN TS < 0
P i B RAVKIE A M5 T AVHRR KBS R LS 652 X Ui,
WAEIERT® > TRGFFRIT KR Z > TREERH L, BEEZI RV,
7 AMSR-E KR SRR & S R & Hole LB 2 7 o 20 C
% FIIN TSI B 3.5kn 7 1) K ORI KRB % PR U7 o

M 6 Bci. BEDKHOBRL. B X URTIEON R LR O, RS
ST Bo B T T B LR, SRR AR, A LR
% AVERR A (FRAMEIKIED. AMSR-E KR (1 2 DokiE) 57— & RS
SNTib B B8 BT, EAART —2 % & 1o SRR, AMSRE
KIS —2 . AVERR KT — 5. 2B 5T\ 2 s AR5 L.
3 B 7ot R CRE/KIEOEREWTHRZIER T 2 FELCDODNWTHERD,
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B FREICBITZMEKORELENET D
H2E HMAEOCHMEIEER

2.1 BRFEDHEK

HiPEN P 2 B0 BT RS D 3 KPECa B ATRE, KTHRE. 1 > R
CERBAETHY (Fig 2-1). @, FHAEED 5 407 F70 12w
MRETENS, HATETIAMEAREZ B D & 5 1 BE KSR L.
AR ABEAREOTHE L5 TICEAT 5, WHKEHIAR EROED 2
FIZIEH 3. 5X 10%kn? T 575, &0 § FITIZ R OWEHETREOK 454 T
B 18X 10k £ THAT B, BATE B BIKOBEA, o ki & R 5
A BEOT T 1B 085 THROTIEC bEEE 5L TV,

BT, R EMBFE DM OB LY H AN K2 L TITh s,
BRKKLTZEDOLIZENEDD L, TIVWR—=FRN1 0% Fn580~9
0 BIL<IZHWMT 20T, TIVLN— FOFHALD IR E TR B RKE WS
E7x%, T, BANEBEZED &, BHERINOHEAREIT, WANES 21
FTIZONTEDT 2. WHEHNS OREET, #EKAENTIE 100~200 7 . /m?
THDN, BRNEDETET Yy b/ m*ETTEAL. KEN1mPA LTS
EBTy b/ MPETHATZ, LML, BEHIZRoNS Y —RORY =V
M 5L 1000~2000 7w b/ m?* HOBAENKGIAKHEN D,

7z WBAKBOFERIITIE, wKITEREN S EBENRO LT, #BkNE



RENDEE, ToA RSN S 720, FAEOEKOES NG 2, <
D7z, HWHKPERS N, HMEEKDORER>TWS, —H, #KIHE
179 5 LRI ORBAKDEREIND, ZOXDITEAROARR. AlEIZH
M DK DR ERS D> TS,

R &S BEEEDN 2 VN RIE T, BRI & O 58 W BRI AL (ACC) 03(FAET 5.
AR, KT, 2 REREOHREIIH T HREKMIT. mmEmTZ 8
LTHERL., HEBHEORUEIIEEBEZLGZ TNWD I ENG, MAKEITHEREE
DRBEEEFCEE R RBNEZRZTEEZ NS, KL, ZOBEKEIIBITS
RRA—BIFOMOBRZLHCYE IR EREERZRIZLTB0., R OHEFE
ORBKIERSCHERARORUBEDOLENCHERERZR L TS,

2.2 BREOHKIZET DR

White & Peterson (1996) I 1985 4E0 5 1994 FE DM K DAziE (SIE: Sea
Ice Extent) &#&EE 56°‘ S TOWESE (SLP : Sea Level Pressure). #gmzK
i (SST:Sea Surface Temperature). ??%ﬁﬁr’ﬁl@lﬁtﬁl‘?\ﬁ (MWS:Meridional Wind
Stress ) @7 /U —F—F&fRiL7z (Fig 2-2), Fig 2-2 DRREIZAD
7 /XU, BERERFIEDCY /Y —8THD, SLP. MFS, SST & SIE D7
/R —DEEREE EHIT I ENSRIZHN - TEHEL TWaE Z ENbh
5. [FE—HIE (1985 05 1992 F) NIZBT2ET /U —XFKICEEL
TWHZENS HARETIERNSENGRET 2 I~ ERAMOLENEFET S
ZEEWeMIL, ZoBSE @AM (ACY: Antarctic Circumpolar Wave)
ERMN Tz WEND S T FINE A~5 EFITE I D, K 8cn/sec DIFHEETH
MECHAAEOED ZEHTLIEE2MEMNTLE, £, Jacobs &



Mitchell (1996) ®. ¥gmi= 2 (SSH: Sea Surface Height) . SST BLUKZR
E7 /<) —0ab—L 2 MBI DWTHRH L. AW 13K 4 F-H. R
AT 180 EQOEEZDDHEETH DI EEHENMI L. £/-. AW OF4E
BRI MU OWHE— KRR ICE DWW TWDS 2 & 2R L .,

i EERD AR T Bl Nillo/ma 5 k&) (ENSO) Big & ACW O&E & OHE
ERIZDOWT, Z<OWMFENTT/RDINTWS (Chiu 1983, Carleton 1989,
Simmonds & Jacka 1995, White & Peterson 1996, Yuan ef 2/ 1996, Smith ef
al. 1996, Ledley & Huang 1997, Carleton ef 2/ 1998, Yuan & Martinson 2000
2001, Harangozo 2000, Kwok & Comiso 2002, Martinson & Iannuzzi 2003, Yuan
2004) . BiF. Yuan & Martinson (2000) i, PR SR TIE, SIC &
SSTY /U —E DI AHDOBRRH D, ENSO 251 ERITR>TREI 572
%, I~4 FRkT S L EWASNIT L, T OBRIZHEMESY 1 R —)L (ADP :
Antarctic Dipole) &%ﬁb‘éﬂ'@léo

Petterson & White (2001) 1%, ¥ KBAT O KERE (SIC) @%%EZE@U%
M L. M KIRIZBEMR S 2 BVERAS MR FE D E U TARITHR S N 2K
BEZRODITERNTHL I L2l 2. o1, EFITR 5 EMKIIEmA
RefHIE £ THRIBT 20T, #BKPREO ACW KL KIic i3 2 #E/kIRICRIE S
N, ROXETHEBIND LHEmRDOT TN 3,

2.3 WIEROHRK

RAEAWETHEAETEDIEHEINTNWAEHLD | DTH S5, Venegas (2003)
13, SST DA B #FX, 45° E & 90° EIOE T > REEICHERIEIERET 350



SUFNDSSTEENH D ZEEB/RL TS, LML, ELITHRKEDREH
(CRE T DML FITHR TEDN SST T = MG o N W2 DI E1Z
GBSO T FIVEHHICIEA D ZENRETH D, Lo T, SIC OF—
FINORRKEDOEMETHAEZDERT DT FIVERAD I ENAREEEEZ
55,

T IZT, AR TIIEATE. <A RECBIFSSICTY /U —DRE
BERE, BRVERFEOSICY /) —E70—NV7aSSTY /U —ED
ZEEHZBERN S AEAIE ITERET SWBBIRIIDOWTHRINT %5, £9 3 ETIT
T = DRBIZDNWTIERS, 4 ZETIESIC 7 /U —IZDWT RERAE R
¥ (EOF : Empirical Orthogonal Function) f##rZfriy. SIC 7 /< U —£H)
W& SIE. SLP 7/ XU -7 EDLEBEFTEALEMKETH DM, 1 2 RERTIE
AWDS TFIVRAHRTH S Z EERT . KRIZ, 63.71° SIZTIR->TSICT /
RU=—DETAT—HNSHEAEEBT DT FINIDNTHRRD, HHET

EEOF T 2 W e B EFERIT DN TR S,
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BIE T—ILBAHE

3.1 F—5F LMIhE

AHETHEA LT —F v ME, (1) NSIDC (National Snow and Ice Data
Center) M2t L TW2 A KERE ST —4 (SIC). (2) NCEP (National
Centers for Environmental Prediction 2%@# L T\ 5% A F¥#EmR KR T— %

(SST) TH 5.

A& DT —4% 1w hid, DMSP (Defense Meteorological Satellite Program’ s)
B EITHEE S N7z SMMR (Scanning Multichnnel Microwave Radiometer) & SSM/I
(Special Sensor Microwave/lmager) B —IZXD, 1979 Fn 5 1999 £ T 21
FEMO > TSN, Bootstrap 7ILTYU X (Comiso, 1995) 12Xk DIERK
ENZHDTH S, SIC1E. Uy ROEEBRETHSNZEMAEEYZ0D
WAKDOFMLEE 0~100% TERL 2. ZEHIHRE 25knX 25kn DF—% v
KTH 5,

BEOT—F Ty bid, 1982 FEN 5 1999 F £ T 18 FEOHRICHE S N/
KT —% EEEKIRT — 4 & @A Z AT Reynolds 5 (Reynolds,
1988; Reynolds and Marsico, 1993; Reynolds and Smith, 1994) ©7 )3
ALZEODERENZHDOT, EEBEEIZL X1° Thb,

X FEHEMERET 2 DICHFEOT —FIZDOWT 2 FM D A EHEEH

10



SDRAZ, BEDOT—FIZDOWTIE IS ERIOHEENS DIEEERD . K
WEMBEZHZWMOHET DI -TEDIN RINZA T4 NI —Z2H LT,

3.2 FT—H DR

20 FREH U= HOWKD K E Fig 3-1 1IRT. BAOMHIT2 AlcED
NEL, Weddell #. Bellingshausen O m#EEWEE. FeiL < OBIZLE
KNEFET D OOMOWBHIITIZEAEA SR, 9, 1 0 AEREKSY
MXE—=71Z72>TW5, REEFEE T KA #E 50° £ TRD T OIZH
L. Bellingshausen # TldE#& 60° £ TL MK NA SR,

KIZ, 21 EHFEEED S OfHZED root-mean-square (RMS) # Fig. 3-2 IZR
o SAMS TAETIIEBKOREHTH O, 10 ANS 1 AETIXEBKOEER
HMiTias. £FE, BAROBTIE, A ZEBEKAED 20520 Lo ki
MITHZEHHD, MEILEREIER 100 FOA-MNLOELWE{LERLE, B
2%, SIC 1B KBRS TR KEWED ZE/RF, 12, Bellingshausen /
Amundsen ¥ TIISHZE TH 2.

21 EMich7z5 SIC 7 /<U—0 RS 287Uy FTRD, Z04f%
Fig. 3-31Z/RT.SICY /< U —DRMS O ARfEIZBellingshausen #IZH 5 41,
SICY /=) —DEENT 20~25%I122 T 2B 5, £, BEMREEDOEIZNL
&9 2% Scotia BEA—ART U7 OIFEHIZBNTH, SIC 7 /U —iF
15-206 & RESEHL TS, TOH, Scotia BIZRSNDIKEREHIL
Bellingshausen # % #%C Amundsen X TH/Z> TS, ZOLIR/NY— >

W SST 7/ < U —IZbEkiZASND (Fig 3-4). BREFETIE. SST @ RMS

11



N 0.5-0. 7C & 72237 Bellingshausen BIZ0f L. KEFENMS Scotia ¥8
NEIEMOTW5S,

SST 7 /< U —@ RMS 25% 1. 0°C LA L DI FE /Rl K E B TH 5 1.
El Nillo & OBg#MENEZ 55, Lo L7adts, Bellingshausen # & Scotia
WIZBT2 ST Y /U= 0 5CERBR/NIVWEDTHEIN., INSER
IREVERIBEICBITS SST 7 /< U—id, ACW D SLP 7 /< U —IZ %9 % [ g
PEAYE S

12



February

Fig. 3-1 1979 2°5 1999 £To 21 4RI L 7% A » SIC 24X,
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14



10 15 20 25

5
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BA4E BEAHBKORELED

4.1 BAKEEOBRFERE)

PRI OEI IR L B S BRGNS D EEZ SNTHD,
FOEREBIZBELAFEENTWVS, 22T, TTHAEEBKAEORELHIC
DWTHND, ZZTHAFBKEOEZ, 7Yy ROEEEEDOTU Yy KA
Ok EEE SI0) OHOBMEERT . TOXIITLTRDEZ 19T94F 1
A5 5 1999 4 12 A R TOMRHFBKHMORELE % Fig 4-1-1 ITRT
NHEASE, WKAEL 2 AEIZER/D. 9 ABIIRKRE R DEERFHLLLE
ARLUTND, FFiICR2E, FITXD2HEDROSNS, AR TIOEK -~
2 1EOPTHATEKEREOR/MEIX 1993 F 2 HD 1. 712X 10° kn’, HAMHE
12 1998 4 9 A 16. 2X 10° kn* TH 3.

2 FERICB 2 ARl kmEEZAD L, MEROEFTHD 1 ~3 HIC
N ZAFD8~1 0 AITBA LI DFHELEZRLTHD. 2 HIZiZ 2. 2X10°
km?, 9 HIZid 15. 9X10° km* iz72 > TWw5% (Table 1),

RIZ, 21 EROWKEED A FHEEICEDEKEEDY /< —0& k&
ZTO1EBHFIESIVERHA L > RELEBITFig 4-1-21TRT, BN SH
% & 1979~1987 FITHAKEED Y / XU =X R E <, 1988~1995 FiT/hE <,
TOBRPPRESEL>TVWS, 1EBHTHEOERLERD &, WBAEKEDT
/XU BEERITREL TWDA 1994 LT 5 AT 0D B g KR

17



ERLTHD, BN R0 ®, 1988~1989 FZ2BITT A FANE T TR

NEBELTWBZ T o =,

EHI ML 2 RSk 21 EROWBKERE 2. T1X10° kn* Ein&7z->Tw
L, TNIBKERRARERD9AD LTIXITHET S, 202 FMOEH
LR SHIET 5 &, MAHEOWEKEFEITEMEREDIRRLIC X 2 B ER A
572, WERRRILIC K 2 KOBMENBEINTNLN, ZORRTHD
RO, WXEEOEDITA SR,

4.2 mEAREWEKEBEEE (SIC) 7/ <Y —0 Enpirical Orthogonal
Function (EOF) f&#7

EOFf#AT L. SR EMAT OB TIX LS 5347 (Principal Component analysis)
EREEN, ZROT—FINE, T REMIEN S /NE ORRT - 22 &=
MU, RICEHSTIERKVEDT—IN o TWOIREEZEMRLCI<T
LD FILETH 2,

ZZTIX 19T FEn S 1999 FFTD 21 FR D SIC F—&12DWT, EOF @t
EITI8 0 Te. L AR T OKERED 0% U E L2 56080z vy R
EWAKBEERT D Fig 4-2-D. KT, BAKBIZEGEND2 KT Y v RITBT
% 21 F D SIC ORsRFNZMERL . AN, FRE (D) 252 » A, ZERE
Ty REC (M) 4678 O WX PITFNTHESNT %,

Kiz, Uy ROSIC AEBEEZAWT, SICT /U —(¥) 2R, ¥
F (WXP OFFEdTaE, XKADLDHITEDIND,

18



N (=4678) , P (=252) RENTNZEMERBAMOT — Y8 TH 5.

EOF # #7 TiX, 3t 4 847 # (covariance matrix) ® @A X7 ~JL
(eigenvectors) &L TZEMNY—22RKDD, ZOYEREE/NG —1IHEW
WERL, H - FIERT 2B EHEEORT TRORNERSEZHHAT S &

WK ZRF D,

ZITR&ETVy FeLa, BEzeY > TIVEEZ. WXN DIELABDK]S
AT RO THES BENH D,

R, R, .. R,
Ro| B Rooo Ru|
Ry, Ry, .. Ry
1
Rm=;Zw%@»@JJ, (4. 1. 1)

ITWE.n&n(l, 2, ..., M) RERTUY RTHD., ZORBITHNZIE
VADEAE (eigenvalues) A, EEANRZ ML, )13H> T, KOXTES

N5,

S RO, ()= 4,0,(). =12, ¥ 41.2)

i a
J=1

BEXT7 ML®,,®,,., 0, Enpirical Orthogonal Functions &IEiEN %,

19



O L4678 D SIC T /U —DZEMNH/NY—THO, EHEHE (4, (a
= LN ENS QBB RS BOBMT, IRNTIERTHD, Z 1, 28
S (total variance) &MY, BEATWSHEE KR TOLHDO TR F—%K
TETHD,

Lo T, LIZaBHOE— RBREDHE. BOEZ A I3E0MTH 5,
BABIIHTHI2HREE-—RFROLBOLEFFGREIEN, BEHMHED
A>A4 >4 >  DXDTIEKKRD NS,

EBDOZEM/NY —>OHRTEIF OF—F— RN, BEXTHHEHEGE—RD

HT, RRKOIRNF—2FHHTZE—RTH2. BF OFE-E—RIZ. H—
S EBEZRDBRWZRIZ, RIFVBROTFRINF—2FHNAT 2E—

RTH 2, EOFFITIEZOX D BFFHERA DO DEAIRY—ILTH 5.,

KiZ, SIC7 /<U—@EOF 51— FOBAEXRT ML %z Fig 4-2a IZRT,
BLE-ROFGRIT4TH L. EAXRNT MIVOZERMANDS ZOHE—FE—
ROK#ZEAS &, RIBORZWEE, T7abbEAHKS Bellingshausen ¥
& Drake ¥ S Scotia MITMITTOWHIZASND, RIFETIXSIC Y /=
V=M AF A, BETRTIALE>TNS, TOHMIT 2 DY — 2 &M
SHANS Z EMHkS, 2 FBIZREWVEKIT 90° EN5S 180° E ofEEkIz
FZHOPIZI0® E & 180° EDOHEEICA SN 5,

Fig 4-2b IZRLUEE1E—RORAAT7 ORBZRFINIIEEROLENA S
N5, FIT, BEIRDZHRETHE012, /N —2ARY ML (FFT) Z:kd7-
(Fig. 4-2¢), MBS/ DT, 3. HEITART MILOENWE — 2 NHA S

20



N5, ZOZ &, EREZBITISSICTY /U= b EFPTELTSHZ
LERLTND,

ZOMZETHE NI ENTZEAIESIC Y / U —IZH SN 3 D,
Comiso (2000) AMEfE L =mRFETIEMKY /<Y —IiZE— K 3. Connolley
(1997 WBIsMZU SLP 7 /YU —IiZioin 5 3. £/, Hans et al.
(1999) A3 SLP @ D71 (curl of wind stress) 7/ U—MSHSMNIL
F23W ELFEMKRIBIETHDEZEXTND,

KFEFEREREEROKIES T FIVE, K<AsSNTWE IS =—=
a-EARE ENSOBIR&ET L axr 3 > DOBfRIZH S (Yuan and Martinson,
20000, L2, 2FBOEKIE. EOLIBFEZDoTWAED, ZOENEK
DO & AR ERERRFEZFF o TWANREIZEHL. 2 ZHOBENELET ST
> RERICERERDBRF LUz,

4.3 HAET Y RERICBI2BKEEEICHAONSTHE
FHaigks 7> )

£9. &I BE63.T1° SIZHoTSICTY /U —DFR T X T—RZER
U7z T—YMEEIIREHATIX 1° T, BEAMTIX0.225° THD. BH
AT —=IVE1919F | ANS 19994 12 ATH 5. BRELHZALZDIT, IF
~TEDINY BNRATANEI — BT, ZOMRE Fig 4-3-1 1R T RiZ
AW ZF IV SICTY /U —IZHEET DM EDNITDVWTHEEL 2, FERR
W2 SIC 7 /RU—DIHRTAT—HhEADE, KFEFEREREEXTIEEA
E%?é&ﬁ%»ﬁ%%tﬁhtoﬂ%%t\@«@6%MGWE&:MWE

21



DEDOA > RERTH20OHLNTH>7Z, ZOBEANDEHITL<A5N=
ACW B & SR IR T 5,

KEHERERBEERO SICT /<) —d 3~5 FHBTRARE T 5. &i%iR
EIXEE TR 6~8cn/s T, i KEZ —FT DI ~IFENND T LIRS,
—hH., 1 RERIZBWT, SIC 7 /U—3, BELF ) FORMTANGRE
T 5, EHHEEIR 3. 3en/s T, KEFER EREFEX TR S NIZRADE K #H
BXO/MNEWN,

LEDE DT, KEFEXKERBERTRONDENERET ST FIIE
White and Peterson (1996) 12k > TRA TN/ AW DR EFKRTH D, Lo
L. T2 RERTIE. 2O REHITRSNT. KOBENEETHE LM
NEETH T FINR SN, FOXI7REWVNEEDHEBIIIMETRWA,
FD1IDEA > REOCHEBORBIZES EEAOSNS, KITREINDILDIT,
1 > REX Tid Kerguelen Plateau & Balleny 3B D729 12, Rt fE R (ACW)
DEENERREIIRIIRNWEEZOEND, Fiz, %k#@’f?l\“#[zw_[%#é%fﬁ
TIRICER T 2 SKREEOHERNVBR I ND, NN AEHS 7TV EE
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Table 1. FERVEHEKERED 2 1 4ERID H ¥

January February March April May June
Sea ice area
(%105 km?) 3.51 2.18 2. 98 5. 49 8. 48 11.3
July August September October November December
Sea ice area
(%106 km?) 13. 8 15.3 15.9 15. 4 13.0 7.72
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Fig. 4-2-1#KBDOT A,
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SN/ S % Fig T-1-1 1R T

RiZe 7T AU AMBED NLOM KR ZAWT, FRKBOREZ L THS, Eil
Kilk & NLOMZKIRD2EZHD . T ORRIINZ Fig T-1-21277. KOL 31T,
INTYFPRELS, FHITBELUEIKROFHERNKETH S,

1.2 [BTHENKET—5

Q[RTTIEL 0. 20° YUy RTOFFKIRZMEARL TWS (http://www.

data. kishou. go. jp/kaivou/db/kaikvo/ocean/daily/dailysst. html) o ZDF—
&t M AVHRR /KIR. AMSR-E KiR. 7A KB EZHWEZHDOT, {EEMEMN
BNEINTWVWS, AR TIIERKET —5 OREEEIZH WS,

—Hl& L2005 4F 4 A 29 HOKBUTKIER Z Fig. 1-2 \TRI 08, ZEFA T
—IVIN 2Tkn TH S8, Bife- f/NEEOBRGKIIR EDMBIEREZLELS T
LW HIERE U TR MR N HIEBE 5,

1.3 7 AU WBERTKRT —5

Naval Oceanographic Office (NAVOCEANO) i 2001 4£ 9 H 27 HRAR, Z/o—
INVIEHETE noweast/forecast AT LZEZU VIV ALTRELTWVS, TAY
1 g E TR BT (NRL) 1% NRL Lavered Ocean Model (NLOM) Z@ /A L. 0. 0625°
7Yy RTOfFNEgEEE SSH oF —& s lmiiE SST) 57 —% L U7
Y ~hitp://www. ocean. nrlssc. navy. mil/ global_nlom) Z#EHAREL TW5,
ZOTF—Fty MIBEET IV, BHEEER/REEZMWERLZHBRTH
5, ~HlELTRESNZT—FNSMER I3z 2005 4 4 A 29 HO NLOM kiR
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X% Fig. T-3 1ZRT. LOLAEDS, RERSINTWS SST 7213 1 HEDOH
DTHDHN, AMFETE, INE5T—FH AVHR KRBT —% OMEEHIZEH
T2,

7.4 NOAAZAVHRR (FROVEREEEKIR) T—5%

NOAA~AVHRR 7Kilt 57— 41 McClain ez a/ (1985) @7V INTUYXALITEST
ERRE N MCSST 2§ %, T—F &y bOZERMBBREIH L. knTHO,
N TSI DAL, HiIFEEIR EZ2IEA D I EEET. MGESITITERR
HHRTHD, —HIELT 2006 4 4 A 28 H2S 30 HO NOAA O—HERK %
Fig. T-41ZTR9A, L L, BHFTET - ME5NRNWNIREEH S TN
%, HRIZEOZ VBRI RAEANL <, WRETED XD RKIRS K% 5
% ETH LW,

7.4.1 AVHRR KR DT IV TY X A

NOAA @ AVHRR &2 > ¥ —IZ X 2R AKROHEEIT, HLEMAS Il % 25T
EHZEE FERT—IOMANBHTH 5720, £< OWFFHEERICBWTE
SN TWS (Barton. I J.. 1995). NOAA @ AVHRR EifRiX 1 &2 10 Ew b
TRRINTWD D, “FFFEHRTZE (RMSE:Root Mean Square Error)
0.5CORBETHRAKREHET D2 ENAETHD. LIAL., BILEFHZEDHE
3 1 HIZ2[@TH2D., 2HEOT—F2ZELTHH 6 BEEOT—F
Loz, BIEKKREEN5E | BEEOT—FNZEWETHD.
GOES-8 DEIfIZ 10 Ew THIELEINTNAS DT, BRETIXEWEED SST #
EZHERTD ZEMEETH D (Legeckis. R 1997, KEHEET I TY X A
X McClain et al. (1985) . May et al. (1998) 2EITE B MCSST IR
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NLSST (Walton et al.. 1988, Walton et al.. 1998) &3 5. Split Window
RIZBWTEHERAAOHEOR O T WAEETH O, NLSST Hew ki 2l
— % ZRA U7 S 28T 2\ H/KEHE AR TH 5.

KR, () XROBERTEAZEZE L2 MCSSTLL () K> NLSST1 &4
RREAZFZE/LZ (D) XD MCSST2, (@) > NLSST2 Z s L THEE L7z,
NLSST1. NLSST2 \ZA TV w b4 > B QHDOEREIZ SST OKMREZE E D TN

B
MCSST1=aT1+b (T1- T2) +d (D
MCSST2=aT14b (T1- T2) tc (T1- T2) (sec 6-1) +d (2)
NLSST1= aT14bT{ (T1- T2) +d (3)
NLSST2= aT14bTf (T1- T2) +c (T1- T2) (sec 8 ~1) +d (4)

ZZT. . TMH=-ad2-Bd+7r
Tl : /5 12 HOBERE (C)
T2 : ’5 2 £ Y OEERE (C)
¢ . REE

6 : HERIHA

7.5 AQUA/AMSR-E (%1 7 i 2/kiR) 5%

AQUA/AMSR-E /KT —# 1%, B 17Tm. /s BL b, EWER EORREMIE
WEEZRS &, BOREEZITICRAT L Z ENHES, LaLans,
MBI 40~50k m & < MEBARICRAR T & /N il RiTAR IR Bz
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EEMADZERFE LW, £, BRETEEEOY A 7 0RBEHAKREND
TTF =N EoNzn, KPR TIRER (BH. 199%) o7 )T U X A
(Appendix_1) iZ& > THERRE 317z Level 25ST O AMSR-E KR 232, —fl&
LT20054E 4 7 24 HD AMSR-E G RR/KIREI % Fig. T-5-1 1R T

7.6 857 —% 1y hOR#

FRKIR OB RHEL, 2005 4 4 A 22 H—H OFRKIBOHE R MAIRS
K212 (Fig 7-6-1D. I OEFTLHBAACT U —OPEHE L TE <2
S TNEY, TOMOWBETIHEREE, HL5VWEEHENAEND, KikRT —
FDEABZHD 572012, ERGENHWAEZET F THORRBEGNENE
ZZERE. BHRELTHESNS AMSR-E KRBT —F 215/ 5. Hig#EIIE
BIAIRMNZ VB TH 573, AMSR-E KIRT— O LA WNEFIIZZ N, —fil&
U, 20054 4 Hizmma~® ez 1716 BICRY0, AMSR-E K7 —% &
FEBABT —F OHPIRAEHRE Fig -6-2 IRT . ERKET—% ORIEGERIT
5. 0% TdH B, AMSR-E KiRT—413FH 35. 6% LA LD HMNE <, K
BICHARTH T EORERTH S, AISR-ET7—%% 4 HEGKT DL, 7—4
HAERIITY 84. 2%12%F T 5 (Fig 1-6-3). IR TIIEHK O~ 1 7 O
MREVWOTT —INBOENRBNI EEEZDE, R TT -5 2ET
5 LHTHETEH . |

ZIT. BT (Fig 8-1). 4 ARI® AMSR-E KT —% & LHlF—5
ZEV, RFEOEAT EEMHIEZTY, T -5 OEAEEZ#DT Y
v RF—=FZERT 2. fESN/ZT Uy BF—F1F, EERT—-FELT
AVHRR 7KiBEF— % OWIEIZHEH TN 5,
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BT =5ty FTEHALZAKRIRR>TWD (Fig T-6-4), piHtD X S 1z
AVHRR 7Ki& (FRAAAKIR) 13 I~Et+ om OFRE (skin) Kz, AMSR-E A&l (-1
7 OKIR) DSHEE~% nn OREKEZ (sub-skin) KiRZEH L TWHITH L,
BRI PAEmOEKE (bulk) KEZBERL TWEINETH S, MIBRERS L
ToOKIREEE (bulk) KIRTHO, Lidi-T, EARNREREKERERZ M
S S 72DIiE, BERKROER (skin) K2 5KEE (bulk) KIRICEHT S
WEND S,

X9, AU OEKREFNEKREZERL TAHS, —#I&E LT, 2005 4 4
H 29 Ho=A 7oKk (AMSR-E SST) &R EKIE (AVHRR SST) DfmZEX
%z Fig. 7-6-5 12" 9. M5B EDXDIZ, oA & WIS OBT#E T
ENRES, TOENICZLUEOWBHBELL TND,

BIfE, NOAALZ &, 155, 1T &, 18 SO4ABENEMZINTHD, FHLT
2R WL 4RRIIC 1 BIOBE TERT — I N2 EIN TS, & NMEE
DEIZNA T AMEEL TWS, Fig 7-6-6a1Z 2005 4¢ 11 A 30 H® NOAA-12.
Fig. 7-6-6b {ZF H @ NOAA-17T O —HEMKRKZRT . NOAA-12 & NOAA-1T D#AF
Z0.5CLARTH 508, MEE 137° ~139° . #E33.2° &£ 33.6° OWMNMEL
Wi T 1° A EIZ/R> Tnw5 (Fig T-6-6¢) .

Fig 7-6-T 1345 NOAA-15 232005 4E 11 H 30 H 21 B2 U /=i & & NOAA
KBNS ZADEDOmAE, Nids NOAA B2, TIXEGZEEZ LR, MRl
72E9120.4Ch5-0. 6CORNIRENEIEL 5,
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2000 1 H 5 § AETO 8 1 AR DOFEHIKIR & AVHRR 7KIR3B KT AMSR-E 7K
DA DR RINZEZ Fig 1-6-8 IR . TORAIZ-1CE | OHIHTEE)
LTWwa ZENbhoT,

.7 &7ty hOREOE LD
1.6 THRREZET—F Ly FORKMIZ. A FOLIITEHIN S,

NOAA #5528, AMSR-E 5 2 THM S N oW\ m AR . FeRIZEf 2 7 —ILatin <,
BNZT—F TIEH 22, IMKRST A BEKRARE DT —% EHlEK
RIS DI, RAKREDOMIZENALN D, TOEIL, WEENHES
FRR, BEECREIHHTLIH5E, BRTERVWAREIITNRSZLHH 2,

NOAA ICHE L 2R/ > — R EME S BESHA W T -0 G en 5
2N, B THERATER W, — 4, AMSR-E ZHEHE SNz~ 7okt v
—WEEHFTHHEYTE 22, ZRANTESTMETDH D Kz, FERKIR. NOAA
Kk, AMSR-E KR/ EDF—F -ty b T DL, &7 —F v hEDORIC
ZINAEND.

COXIRKEEb T —F2EML, REANBKREREMERT 27
DI, FRKET—F &X—ACLERT — 5 ORBEEM T2 D BEN
5.
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Fig. 7-1-1 20054E4H 1 » A OBBIT—% D% AR, ERIKIR
T IEBHEICEF T2, £, T2 ) —FT—F 3R LoT
—& T, R0 D720, RO RISEHKIROILE, EEOBHT—5
BUE520444E.
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Fig. -2 20054 H29H ORK/ETKIRRTH % . FEREEIZ0. 20° TH 5.
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130. 0625° TH%.
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0 1.0 20
> 1 ! »
Interface SST
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v ¥ Near-Surface SST (Bulk SST)
(a)Night (b)Day

Fig. 7-6-4 &57—%t v b OEHIKE.
Wick (2003) Infrared and Microwave Remote Sensing of Sea Surface Temperature

(NOAA Environmental Technology Laboratory)
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[ 2 @BKE (AVHRR SST, AMSR-E SST) S8k 1]
DINA 7 A DkF%F1 (2005/1~2005/8)

— —+— AMSR-E Bias —o— AVHRR Bias

WPAW e, 'L'Lﬁd\JFﬂ. heA)

o et
‘Q?JWL,"‘,‘

Q ~ - < (-] < -] - n Q (3¢ Q (=] ! [} = wn
s T € © 9 - d =— 94 g 9 6 & K T & I
v T T 89 a4 © o0 ¥ ¥ 5 VY v L v T v 2
© ®B B B B W W B’ b © Ww © |’ © Ww o ®»
(=] (=] o (=} o (=] o (=] o o o (=] (=] (=] o o (=]
N © ©6 © ©6 ©6 © © © N © N © N o &N o

N & N N N & N 3] 3] ~ «

Fig. 7-6-8 2005 4 1 A5 8§ HXTOfE/KIE (AVHRR /KiE. AMSR-E /Kid) &
ERIKIRDINA T A DKgR,

2005/8/29
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B8E KBRAMERTINITY XL

8.1 FIH

RIETRLUAELDIT. [BITHITKIE. AMSR-E /KiRF—%. AVHRR K7 —
FINENTNREZFF > TnW5, ZTORBZERRRIEN L. REAKROKE
DO W BE KRR ZERT 2 HIEII DWW TR L. EROHENEE Fig 8-1
WRTEIIZ. JEEo Tt ah sk nsg,

ERABIZHEEENFE SN TRV EONIEEENRL D R EI
K0, MEIZERHD, I T, E-BEELLT, EEHEOEVWKRT DT
KIBERNWT, EHllFT—5DOREEHRZITS.

FAKERE Fig T-1-1 IR LK DT, ZREBNTIEN T Y FRRE N, FEHl
KiRT —5 DZEAMEMD 572012, HHLEL THS5ND AMSR-E KikTF—5
EEMAT 5. ERKENZWEEKFZTH S0, TN TH AMSR-E KiRT— 5
DAMEERICZ VW, BHEZEZOEE 3 HE O AMSR-E KiRT—4 2ffio TEA
EOTHRT S &, BEHZRWT, iéﬁ’(ﬂﬁ@ﬂ({m‘f G 0ME5 1
% Fig. 7-6-3. #Z T, HE_BE T, AMSR-E KET—F 05 % HOE KR
EERLZ0E, MEERL ZERKET —5 260, AMSR-E KiRDN1 Y
AMIEZITD. KRIT. [RTOMHKIRZHAWT, AMSR-E KiROMEEERZ1T

>

Do
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FH=BRETIE, BB TESNZMIERS AMSR-E KRBT -5 EMEERL
7= FERIKIRZEAWT, AVHRR KiRT—F ZMEL. 3. Skm 77U v RgEOREIK
ki AR EERT 2,

8.2 BGBHAT - OREER (BB

FRKIRT — & 3B, WERE, BHURMSR - SINTHS THEIC
K HHE, MEREICXLL%E, HELICLSERENEEN, T—YDOREE
BANEIZ/5, 2T, Bover & Levitus (1994) W5 WERKDOTF—F |
FNEFIHTHZEICRERATHIEET —F 2MOBRW=D5, K[RT OFEHKR
EZRT -5 E LT mRmEENKET—5 EHT 5,

T, FBEKIR (ISST) EREFFMATARIER (ISST) D2 (ATSST) &3k 5. —Hil
ELT. 20054 4 B 27T H~29 HOKRF% (Fig 8-2a) 12, BT & Fig. 8-2b
IZRT. ATSST O (ATSST) 13 0. 53°CT. ISST % ISST L0 @, iz,
MR (0) 131 30CER>TWD, RIT, 20 Bl DEBKIRZROKE,
BAISST S ATSSTEZLEIE, HLWAISST &ET 5. Z0EEE 0 <1. 0T

D ETHRVEL, B BRIZH WS ISSTF—r 1y hEERT 5.

ZOEIITLT, BINEERKBOZEE S H % Fig 8-20) IZTRT, LDOT
— BN T3 IR L. AT —F BT 2273 L7200, &EO T TH o7z
(0=0. 95C). ZOHETHREEHINZ ISSTZAWNWTO0. 001° x0. 001° Z7
Uy ROEBBBREDT —F ZIEKRT 5. BRBHE—7 U v RN ISST 13 EHE
ERDD, TOXIBEMEICLD, BRIIZISSTOTFT—50H 27V v R
993 ficizoc. ZL T, ZINHDOT— ¥ 2 REEHINEER KRBT -5 &7
Do
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728, Fig 8-1 KARTEXIONXE EKBEOEROP THEZERITHWS,
0=0. SCOISSTF—F 1y bBIERT 5.

8. 3 AMSR-E /KIRD#HIE (BB _BtRE)

Z 2T AMSR-EKIR® 1/16° 77Uy R 3 HEAKRKZ, UTFOT#HEET
BT 5. ZOHL, HBERSH 20T 2 HREDEH 3 HS @ AMSR-E Kik 5
—yEFEHTS. £, £7U v RTHESNS4H () © AMSR-E Kif % ASST &
L. 3HMOF =05, BHOEAZEMIFEKAER (ASST) %

ASST () = (2ASST (n) +ASST (n—1) +ASST (n-2) ) /4 (1)

ELUTRDZ RICHRT Yy REBET S IXIBEMDOZ Y v R (8 21kn X 21km)
DOKIBZ A NWT RN EfTo /7. £/, T—INEFEHELZNWT ) w R
WZXZFOREBEO 3X3 FHDOTYw RIZBUT2KBT—YOELEZAWTHEL
7z

ZOHEEZANT, StBELEFREHOT Y ERICHOAEDOT —F &l L
THD, ZITR. HARBOHRKRNBZFR—7Yy h (133.5° B 31.5° N) #
EOT, 2004F 10 H1HMNS 12 0 HETOHHD AMSR-E 04EF—5 LG
EDKIRT — 5 ORERFIZE> 72 (Fig 8-3-1). GRaTD ASST 13/KIR D HZE
FHRPPRENENWD ZENDR -T2, GREDT —FIRAL—AITE>TW
%, Elo. ARED ASST KR & JSST DK RN Fig 8-3-2 2/R9. MiFEDE
EhEWZ Edvbholz.

TDHEEANE—FIE LT, Fig 8-3-3a 17 2005 4E 4 A 29 H ¢ AMSR-E /kiE
DL FREEFASST 27T, ZORIZAHRLZLES12, 4 A 21~29 HO 3 HE®
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AMSR-E KIBZHWTHERLZDHDTH 5. inFEBIIEE /2> TWDHN, I
3 AMSR-E /KIR OBIE A REBIHZERDL TW5, £k, 5 D22 R EE DY L
<, BRI MNFED SN TR,

RETF v 7 ENT= ISST LASST D3 (ISST-ASST) % AASST & L. D Zefs
#i% Fig 8-3-3b I2/8T. 72, AASST OBEENM % Fig 8-3-3¢ ITRT. &5
—Z¥IZ 617 THY, FyEEIHEEEETIHES, BEELE. FEEEN
SEFEBMEIINTTES Ro> TS Fig 8-3-3b) . AASST D FE1fE
(AASST) 13-0. 27°C (ISST<XASST). 0=0. 92°CTH 3 (Fig 8-3-3¢). ZZTA
ASST>2 0 BL EDF— 4 2K 5. & 510, AASST D@ 0 10725 K D 1CA
SSTIZEHEEME L /2. MEBLSIZRITHERAKROHELIZ0. 3CEE GF
BEIEAN 197255, 1994) b TWaA, ZZT0. 3CE2—DDH%KE
U TAASST DFEHERZE (0) 28 0. 5CRARIC/RD £ T, ZOaEZEVIET, Z
DB TEEOT—FNREIN. BENIIES T —4 494 OZEMS ARk %E
Fig 8-3-3¢ ICRT. F—F IFMBHTH 2 FEHBEBHICETL TNE, D
L3Iz L TES N AASST DEES % Fig 8-3-3d I0R T, 20 L EDFEHHE
iZ-0. 02°C. 0=0. 4TCTH%.

ZDEDITLTHRDZ 0 =0. 5CDAASST 2w, 1/16° Z7Uw FD AASST
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AMSR/AMSR-E Sea Surface Temperature Algorithm
Akira SHIBATA

Meteorological Research Institute

1. Abstract

Sea Surface Temperature (SST) is retrieved mainly from AMSR/AMSR-E 6GHz and 10
GHz vertical polarization (V) data, by using 37 GHz V and H (horizontal), 23 V, 6H,
and 10H data as supplements. The current SST algorithm includes following nine

procedures.

(a) Incident angle correction

(b) Atmospheric (water vapor, cloud liquid water) correction
(¢) Surface wind correction

(d) Land contamination correction

(e) Removal of sunglitter area

(f) Salinity correction

(g) Removal of sea ice area

(h) Conversion to SST

(i) Spatial running mean

A target of retrieved SST accuracy is within 0.5 - 0.7°C when compared with buoy SST.

2. Detailed data processing procedures
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(a) Incident angle correction

Correction of the brightness temperature, dA, due to incident angle variation is given by

the following equations;

dA=-2.9*(A-55.0)6 GHz V

dA=- 2.7%(A - 55.0) 10 GHz V,

where A is the incident angle. The horizontal polarization data are also corrected by

similar equations.

(b) Atmospheric correction

Correction for atmospheric opaque is obtained from a pair of two temperatures of 23

GHz V and 37 GHz V.

Fig. 1 shows an example of getting the correction value for TMI 10 GHz which reads
37V and 21V to give the correction value for 10V. Because brightness temperatures of
23V and 37V are changed with SST, the table is made with 5°C interval of SST from 0
to 35 °C. It is necessary to omit data contaminated by rain, since SST accuracy becomes
worse in rainy areas. Its judge is made by counting the number of pixels within 6 GHz
or 10 GHz spatial resolutions, in which the correction value shown in Fig. 1 is out of
specified range. If the number of pixels with out of range is larger than a threshold, SST

1S missing.

(¢) Surface wind correction

Correction for sea surface wind is made independently from two frequencies ;6V and

6H, and 10V and 10H, which are already corrected for atmospheric opaque. Fig. 2
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shows a thematicv map to make the wind correction. Brightness temperature of V
polarization is almost constant under a condition of sea surface wind speed less than 7 -
8 m/s. But, the one of H polarization increases uniformly. Above 7 - 8 m/s, both
brightness temperature of V and H polarization increase with wind speed, whose ratio is
about 1 /1.7. This ratio may depend on a relative angle between the wind direction and

antenna direction, and also on a difference between SST and air temperature.
Fig. 1 Effect of atmospheric opaque for 10 GHz V

Fig. 2 Effects of surface wind for 10 GHz V and H

(d) Land contamination correction

Contamination by land emission increases drastically when the pixel approaches a
shoreline, or the pixel includes an island. Here, land contamination is corrected for
pixels that the increment is less than 2 K. For pixels of contamination larger than 2 K,

SST is missing.
(e) Removal of sunglitter area

Sunglitter is checked by using a relative angle between the antenna beam direction and
sun direction, which is given by L1B. SST is missing for pixels of the relative angle

larger than 30°.
(f) Salinity correction

Salinity effect can not be neglected when SST is high as 30 °C, and the correction value
is an order of 0.1 or 0.3 K. Its effect is calculated in advance by using the climate

salinity, and a data set of correcting salinity effect is prepared with spatial resolution of
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1 degree. This data set is not modified even after the launch.

(g) Removal of sea ice area

Sea ice will be detected by checking the value obtained from the atmospheric correction.
If its value exceeds 5.5 K in the latitude larger than 65°, it is judged that the pixel is
contaminated by sea ice. SST is missing when the number of pixels with sea ice

contamination exceeds a specified value.

(h) Conversion to SST

The relationship between 6V (or 10V) and SST is calculated by using the complex
relative dielectric constant given by Klein and Swift (1977). Fig. 3 shows its the

relationship.

Fig. 3 Relation between SST and 6 V ( or 10V)

(i) Spatial running mean

The temperature resolution at 6 GHz is about 0.3 K for one pixel, which is
corresponding to about 0.6°C of SST. It is necessary to reduce its noise. A current
method is a spatial running mean with 5 pixels by 5 pixels (50 km by 50 km area). The
simulation indicates the reduced noise becomes less than 0.1 K after applying 5 by 5

running mean.

3. References
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ACC : Antarctic Circumpolar Current FEHRJSARIE

ACW : Antarctic Circumpolar Wave FaMfAMLIK

ADP : Antarctic Dipole FEMRY A H—)l

AMSR-E : Advanced Microwave Scanning Radiometer - EOS
AVHRR : Advanced Very High Resolution Radiometer

EOF : Empirical Orthogonal Function #RERAYEAZEIEL
EEOF : Extend Empirical Orthogonal Function ¥EIRREERAIIAAZBEEK
ENSO : EI Nillo - Southern Oscillation EI Nillo/Fs /5 HREl
LM : Large-meander K¥BfTitEs

ONLM : offshore non-large-meander JEKUEFTHERIRES
MODIS : Moderate Resolution Imaging Spectroradiometer
MWS : Meridional Wind Stress F/F#RA MO R

NCEP : National Centers for Environmental Prediction
nNLM : nearshore non-large-meander JER¥EFTH:FiES
NRL : Naval Research Laboratory 7 AU J3iHBFZEAERTT
NSIDC : National Snow and Ice Data Center

NLOM : NRL Layered Ocean Model

RMSE : Root Mean Square Error —-FESEIJEHARRZE

SIC : Sea Ice Concentration #EXKEHEE

SIE : Sea Ice Extent 8K DAL E

SLP : Sea Level Pressure ¥BHESUE

SMMR : Scanning Multichnnel Microwave Radiometer

SSH : Sea Surface Height #gmiEE
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SSM/T : Special Sensor Microwave/Imager
SST : Sea Surface Temperature ¥BM/Kik

tIM : typical Large Meander HLAH)72 KUEfT iR
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