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Lag correlation Analysis of Long-term Atmospheric and

Oceanic Variations in the Northern Hemisphere
Kazunaga ARAI

Abstract

Global Warming is a phenomenon that average temperature rises in global scale. The
cause is a large amount of greenhouse gas emissions since the industrial revolution.
By Global Warming, sea level rise and the increase in extreme weather events have
occurred. A greenhouse gas has increased, but Global Warming has stopped since
2000 years. This phenomenon is called a hiatus phenomenon of Global Warming. It is
said that the La Nina like pattern in the Pacific is the cause, and the heat is collected
in the Atlantic deep ocean. However, those are still being discussed.

There are the natural variability of the atmosphere, and the natural variability of
the ocean. Arctic Oscillation(AQO) is the natural variability of the atmosphere. AO is
EOF1 of Sea Level Pressure(SLP)-anomaly on the poleward of 20° N. A fluctuation of
SLP-anomaly becomes reverse around 60 ° N. When AO Index(AOI) is positive, SLP
is minus-anomaly around north pole, and plus anomaly in mid-latitude. Surface Air
Temperature(SAT) is minus anomaly around Greenland, and plus anomaly in Siberia
to Europe and north west of Canada. Pacific Decadal Oscillation(PDO) is the natural
variability of the ocean. PDO is EOF1 of Sea Surface Temperature(SST)-anomaly on
the poleward of 20° N. A fluctuation of the North and South SST-anomaly becomes
reverse in the Northern Hemisphere, PDO has the cycle of multi-decadal. It is said that
hiatus of Global Warming is same as the pattern of PDO. The Japan Meteorological
Agency uses NINO3 to examine the El Nino phenomenon. NINO3 is from 5° N to 5°
S, from 150° W to 90 ° W. The difference between NINO3 and the standard value is
NINO3 index.

In this study, correlation of natural variation in AO and North Pacific was examined.
First, mutual correlation function was used for those indices. Next, lag maps were
made using AOI and SST. In term of the time series which the high frequencies of the
spectrum density, AOI- lead PDOI, and NINO3 lead AOI. Thus I have come to the
conclusion that the long term wave(like PDO) leads the Atmosphere, and short term



wave(like NINO3) lead the Atmosphere.
Key Words: Arctic Oscillation, Pacific Decadal Oscillation, NINO3, Hiatus of

global warming, Lug correlation, Mutual correlation function
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1 FUHIC

HuBRIRIRAY, & &, PESE i DAREAR 2 (THEAT L T & 7 HIBR B T D IV BIS 0 F ¢
b5, ORI AR X 2B ES Z2AOKEPHTH D, RO E ST
ki CRFICHEE T H % (IPCC 2013; Trenberth and Fasullo 2013). L 2> L 21 iz A
D, WERATAORE T EAZFHIT w20t bbb 69, HERHE cofElo
IR 260 72, Z OHBRIRIEAL D45 2 1AL O hiatus & 5 (Easterling and
Wehner 2009; Meehl et al. 2011 & &) . Z OE(L D hiatus (X, TPCC-AR5 DJG &
7% 7z CMIP5 EERIZ B W TH IEfERFBLEL S L) > 72 (Watanabe et al. 2013). it
AL D hiatus DJERNE 7 = — = v B 88 — VITHE ) WEDO BN TH 5 L EbNLT
D (Kosaka and Xie 2013), ZZFICHR O WHE TH % (Trenberth et al. 2014), F7c,
Chen et al. (2014) [FHRIE(LD hiatus 12T 2 T2V F—DA VN5 v ZUF, KETED
PMFICERIN TS LML Tw 3, 5T 1940-1970 2 TRIRD 15235
MLTEY, ZOKESHESAHEIRIETH - 72 (Thompson et al. 2014).

ACEBRICE T 2B HERA T — VDT HALEL, KRELTIFTI NS — VI
TE5. 1 2HERARDOZH T b Hilk§ 2 JLRE) (Arctic Oscillation: AO) TH
% (Thompson and Wallace 1998). AO &, JL## 20 BELAAL DA IE5UE (Sea Level
Pressure: SLP) fii 2% % #&BR VIS BI %L (Empirical Orthogonal Function: EOF) FRH L
728 —F 5T (EOF1) TEZEI N, SLP WA DZE) A0 60 B2 P A Tt Ic 2 2 31
RThs (K1, K2). AOHHE (AO Index: AOI) P IEDIY, K5 IF AL C B,
HREEECIEfRA L 20, K[dHE 7Y —v 7 v FRBGACERIERZ, > XY 7Hh 63—
0y ST EAF YA CRIREE & 2 5 (K3, K4), D 2 >0 HAREHE)L,
YA KR (Surface Air Temperature: SST) OZEH) & U T HBE T 2 AP HERERS)
(Pacific Decadal Oscillation: PDO) &, RPGFFEHERIBRE) (Atlantic Multidecadal
Oscillation: AMO) TdH 5. PDO & IFALAR I F v TR 20 BELAE D SST {42 D
EOF1 & L TERIN, SSTRAADZEFHILFEERIC I W CRIALISHAHEY (5, X6) I
% 5BRTH % (Mantua et al. 1997). PDO FHEHBOF% KL, JLHED PDO &

{2 P RERTPHETD 7 === v 7288 —  DAIZIL O hiatus 25| I LT
\» % (Watanabe et al. 2014) & L THHINTWS, JIT7=—=vBIRLEIE, K

PIEAREIS O HNAEERRADED &, RO~V —IRFEICH T TOMRIT BT, i
HKHRDIPARIT R TR 72 D Z DIREEDY | FERERC BIR 2169, 4k, WAV
DR = bR BBR2IN=Z—=aliR E V), GRTTIIZOHROEEZ R
PR EI DU TH 5 NINO3 Z W TfT>TWwa, RICAMO LiE, FLY F%
BRE L7 AERPEHED SST fAED 10 FBEFY & L TERS N, #EHKEDS 70 4225



80 4F i I TR & S 245 VIR T HIR TH % (Enfield et al. 2001), AMO O F:7%
A A Z A LAFKEHEREIEER T H % (Dima and Lohmann 2006).

JBERIC B 5 HARLEBOMAEHAZ TR 2 1, d6ERO KRB 55D E
MRS 2 ECHEETH S,

Kumar and Hoerling(2003) 13 A FAERFREVIrIRIC 1) 5 SST & RAURE DMHBYIC
HHL, SSTHZED 17 A6 37 HDY A L7 7% Fi> TRRADINEZFEEL TWw 5
L7, F7, Alexander et al.(2002) TlZ, FEFHED SST WA E N F L —JEERS
74 =N —EREEZ N LT TREADHE) 28U T, RO KRR PEIGER 1< 52 % [
ETHEEZR L7, JHUCBIEL T, Jia et al.(2009) %, RFPERTSOMEHI 123 AO 12
Yo THEZRD, SSTHWAO 2R3y HD 7 7 2F>THREL TwaHZRL 7,
DL ICRAMZIICE W TIMENRLRZHET 5 L) L OfIRPIE N T
B, Trenberth et al.(1998) IZE VT, T FNHNOLFEGHHE, & X CEHM - Bl
HIREIR O SST 2360 HIENTT7 Y o —> v VEREICHEZ 52 T3 HE R L.

—77C, Schneider and Cornuelle(2005) Tl 7V 2 — ¥ VEKAHE DTS PDO O
EHUCFH G LT HEZR L, 72, Sun and Wang(2006) Tix AO & PDO DBf%
ZEHTL, AO 236 45 104 PDO Z25EE L T 5 LiliN 7z,

DL EofER%ZEF 2, IEE (2011) T, AO, PDO, AMO @ 32D HAEHICE
TIRERIENT 247>, AO 2%, PDO % 164 HEE L, AMO Z 117 HEEL Tw 55
Z72n L, Sun and Wang (2006) Difili 5 2 3 L 7-.



2 BW

AWIZETIE, MEE (2011) TN FEZ2SEIL, £TRARTDH 2 AT OHRE
W7 —5%TdH % JRA-55 2 JHV TR L 72 1958 4F 1 H-2014 4 12 H £ TO 4 H D A0l
&, The Joint Institute for the Study of the Atmosphere and Ocean(JISAO) IZ X %
PDOI, SHTIC & 2 NINO3 D&%z fv>C, ACMHBY - HAMHBIWT 2179, C
kD, BRRIT—2ICB0T, EDORBEBDOBEBERL TW500, LORKK
BRI (2 —L v 2) 25 <, £ 7 2 0 RPEEOHC £ o TSRS IS & AR ORI
AV (7 2 A4 X) HAES 2 D2 BT 5.

RIZ, JRA-55 12K % AOT &, EESKS)E (United Kingdom Met Office: UKMO)
[ERMZEE N F L —x v & —DifliKili 7 — ¥ T % Hadley Centre Sea Ice and Sea
Surface Temperature(HadISST) data set 2 VT, dLPEBRAERDAICE T 2 7 7~y
TEENT 2. 77y 7L, AOLICHN L CHllKiR 7 — 7 12-13 4F ~+13 FFD 5 A
L7 7 %52T, %9405 7 7 2L OMBAREZ RN L HXOFETH S, JhUT X
0D, SBIHNT L7 HCMHBY - AHAEAMHBIfENT IC X 2 SRS 72 & DRI BEAINTH 5
YW ZESHKSL L, 7 AO0L L SSTREEFICENBRD Y A L7 7 TE) o
TAHBE AT 2 R o D2 WIGUL LTS 2 HAn[E & 0 5, MNA T, 2 ZICfRtHBAR
Bafv 2% T, BEWHBIZFEHAL, AOLICN L CTPDOI2NINO3DEL 6032 D 7
7 OMBIIAIC EICHF LG L TR 2Dz RD 5,

EREDOTFMEIC LD, WD hiatus D EZ2EK £ 2 SN 5 KIS E T 5 3T
DHRZEF L, LFIRICE T 2 RADKECLN A E— FTH 5 AO DIITHFET 2 5 4
57 7RMBAT AT 2 S DT U, JERFERZIC B W TR EHFED E ) » o 7Bk
M2FODOPZERNICHHET 2532, AISEOHNE T 5.



3 FEHET—%

3.1 B@EhTT—%

WEDOERIZE T 2KMEGPm, B8 7 7 v 7 AWK E Lo ks Y EEE
MBIHC THEN, BdH 5. U, TNEFTIKEBRINLSRELENT—2 %2/
W, RHTOBUEFIRE 7V CREMIT 21T ) F o4 2YHEZHIT 2 FETH
D, ZHUCk ) EMMICbZEWE»rOWE LT — %y P 2ERT % HH T HE
%5, [RITE (M) Bl RpZeits, WaTk D JRA project ZFEML, 7 7HI
Lo RO 70 ¥ 7 FTh % JRA-25 # AR L TE 72, MMM OIERS
fREDI EE wole 7y 777 L — FRDIJRA-55 TH D, ZOHIZ7 P4V v FIc
X 2 BB R Y 7 — 7 DENL S N7 1958 FELIE R RR E L T3,

FHAENT 7 — & 1213t & NOAA BEE Pl v ¥ — L RKERAWI L v ¥ —i1c &k %
NCEP/NCAR %, I —u vy iR il v ¥ —I2 X % ERA-interim 7% E03% 5,

AWHFETlx, HARDEE 2 5 ORI 7 — % TH % JRA-55 2 JH\»THEEZ1T->
7o, FIHT—% OFEMIZLT ORITRNT,

T—=8% R 55 FRMHMENT (JRA-55)

AR 1.25° x 1.25°

BRTIEMMERIE 1000, 975, 950, 925, 900, 875, 850, 825, 800, 775, 750, 700,
650, 600, 550, 500, 450, 400, 350, 300, 250, 225, 200, 175,
150, 125, 100, 70, 50, 30, 20, 10, 7, 5, 3, 2, 1hPa @ 37 J&

[REE WEEEIESTE (SLP)  HYfAE

AR 1958/1 - 2014/12

3.2 RBEHT—Y

e AOI

AOT 1& JRA-55 TR L 72, S OBEIC, EFRITE Tkt 20 BEELUL T EOF fi#fr
2170 TH, AWMU TR, 202000 A X ) IS CRIERA & %% AO
DG IZ BNV, BRIEIILATHIVINS K, BFEOD A0 ZHHT 2 ICI3F/MiZ %z
Z 5 L 72 JLhiRE) (Seasonal Variations of the Northern Hemisphere Annular Mode:
SV-NAM) % FH\» 2 %#H3% % (Ogi et al, 2004). % OFiEIxAb#HE 40 ELUILT EOF fi#
2fr) Lwvu)bDTHY, ZckheTOH, Ffiz@EL TAO OMENBIN S,
Lo TEFHD AO ZH ) B3 40 ELUILTEE L 72 AOL Z W2 HbEZ 55

4



, A% TIE Thompson and Wallace(1998) I2 & D B I 17z AO Z Wiz, fE->T
*#%F T 57012, HFEO A0 ICBIL T Ak 20 EELUL O %2 W T 2 7 -
TW57%d), RFEICB Y 2EZED AO 1, BEEICIE AO DG Z Rz s WHICHE
S,

e PDOI

JISAO D7 =% ZH\wiz, JISAO KT 5 PDOI DT —% Y — A%, 1900-1981 4
DY UKMO SST 7—% %t v b, 1982-2001 473 Reynold’s Optimally Interpolated SST,
2002 DAFEAS NOAA Optimum Interpolation(OI) SST V2 Tdh 5. AWF%ETlE 1958 4 1
H76 2014 4 12 HE ORI 1T 2 PDOL 2 L 72, 7Z&d, JISAO L3 v
R YR E NOAAITK D 1977 FFICRIE S NI AFWIEATTH D, WIEEE z %2 DL
HE %, JISAO TIEhIZ HEKES SST, KT —F Lok c T —5 1 v
FEREMHEL TR

e NINO3

NINO3 D F— % IFLLFDF—% %\, 22T, NINO3 & 3dbf 5 FE-fi 5
EE, VERE 150 EE-PERE 00 B £ TR IR L, AR 81 2 HHEfE L D% NINO3
ELTWw3, OO L 1%, B%M4FED 30 FHiD o HifE £ T 30 FEHDEH D
SEEE T, BBRARTTIE, O NINO3IZEIF 2 SST DILHEE L D#ED 592 H
BEPFEMEDS, 6 A Bt T+05 B Rt oz Tl =—=a8lgR, —0.5
EUTE oG %2 72— HREERL T B,

3.3 #HHF—%

SST 7—% 12 UKMO XS FL—k v & —D@llill 57— %2y + X D, HadISST
ZMvy 3%, 2@ HadISST & Global sea Ice and Sea Surface Temperature(GISST) D&
AIRCH D, REROWFIT AN & MK EEEE D2 1870 4 & D A&k 1 B x 1 T
LT3, SST 7 —# 1%, Global Telecommunications System(GTS) D 1982 4D
D7 —% b &8 Met Office Marine Data Bank(MDB) 2265601 TWw5, 7—F D
AN—H2 N L EE 57O, Comprehensive Ocean-Atmosphere Data Set(COADS)
Ki%BﬂJ%MﬁD%T®H®$%@% MDB 7' =% 33 5 172 WHHE TIE A 5
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1: AO 77 2D (fRP9RDARY: & 0 51H]).

ADO ?A4F A

2: AO A + ADMEEK (RYERDKRERY: L0 5lH).
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el

3: AO 7°7 AIZEIT % SLP RAD I (Wallace and Thompson 2002 & ) 51H]).

4: AO 77 RITEIT 5 SAT fRAD I (Wallace and Thompson 2002 & 0 51H).
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5: PDO 77 ZAD#BE&K (JISAO & D 51H).

6: PDO v A 7 2ADBEZK (JISAO X D 51H]).
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Power Spectrum
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Power Spectrum
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AQI-(t)-PDOI(t)

Cross—-Correlation
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Coherence and Phase
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Coherence and Phase
AOI- and NINO3

1.0

0.8

0.6

0.4

Coherence (correlation)

0.2

0.0

0.00

0.02 0.03 0.04
Frequency (reciprocal months)

0.05

180

120

60

Phase (delay)
]

=60 -

-120

-180

0.00

Frequency (reciprocal months)

T LRI I
0.02 0.0 0.04

0.05

16: AOI- £ NINO3 Wat—L v 2Lt 7 24X, EMPae—L VA, TR®N7 =
A R%RT, REENTIREIE. Mo e —L v R MHBEOmI %2, 7 =4 R R

Lz,

39



Lag—Map AOI(MAM) with Yearly Mean SST
Lag year=+0

60°

40°

20°

-20°

40" L
40° 160° 180° -160° -140° -120°  -100" -80° -60°

-06 -0.5 -04 -03 -02 -0.1 00 0.1 02 03 04 05 06

17: AOI(MAM) & SST(H#:V) @7 7= v 7 (04F).

Lag—Map AOI(MAM) with Yearly Mean SST
Lagyear=+1
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18: AOI(MAM) & SST(H V) @7 7= v 7 (+14F).
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Lag—Map AOI(MAM) with Yearly Mean SST
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19: AOI(MAM) & SST(H:V-) @7 7= v 7 (+24F).

Lag—Map AOI(MAM) with Yearly Mean SST
Lag year=+3
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20: AOI(MAM) & SST(HE V) D7 7= v 7 (43 4F).
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Lag—Map AOI(MAM) with Yearly Mean SST
Lag year=+4
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21: AOI(MAM) & SST(H# V) D7 7= v 7 (+4 ).

Lag—Map AOI(MAM) with Yearly Mean SST
Lagyear=+5
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22: AOI(MAM) & SST(HEV) D7 7= v 7 (45 4E).
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Lag—Map AOI(MAM) with Yearly Mean SST
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23: AOI(MAM) & SST(H#E V) D7 7= v 7 (46 ).

Lag—Map AOI(MAM) with Yearly Mean SST
Lag year=+7
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24: AOI(MAM) & SST(EY) D 7 7= v 7" (47 4E).
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Lag—Map AOI(MAM) with Yearly Mean SST
Lag year =+ 8
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25: AOI(MAM) & SST(H# V) D7 7= v 7 (48 4F).

Lag—Map AOI(MAM) with Yearly Mean SST
Lag year=+9
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26: AOI(MAM) & SST(H#E V) D7 7= v 7 (49 4F).
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Lag—Map AOI(MAM) with Yearly Mean SST
Lag year =+ 10
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27: AOI(MAM) & SST(H# ) D7 7~ v 7" (+10 4F).
Lag—Map AOI(MAM) with Yearly Mean SST
Lag year=+11
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28: AOI(MAM) & SST(HEV) D7 7= v 7 (+114F).
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Lag—Map AOI(MAM) with Yearly Mean SST
Lag year =+ 12
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29: AOI(MAM) & SST(H# ) D7 7~ v 7" (+12 4F).

Lag—Map AOI(MAM) with Yearly Mean SST
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30: AOI(MAM) & SST(4F V) D7 7= v 7 (+13 4F).
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Lag—Map AOI(MAM) with Yearly Mean SST

80° 100° 120° 140° 160° 180° -160° -140° -120° -100" -80° -60°

-06 -0.5 -04 -03 -02 -0.1 00 0.1 02 03 04 05 06

31: AOI(MAM) & SST(H# ) D7 7~ v 7" (-1 H).

Lag—Map AOI(MAM) with Yearly Mean SST
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32: AOI(MAM) & SST(EVY) D7 7= v 7" (-2 4F).
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Lag—Map AOI(MAM) with Yearly Mean SST
Lag year=—3
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33: AOI(MAM) & SST(H# ) D7 7~ v 7" (-34).

Lag—Map AOI(MAM) with Yearly Mean SST
Lag year=-4

80° 100° 120° 140° 160° 180° -160° -140" -120° -100" -80° -60°

-06 -0.5 -04 -03 -02 -0.1 00 041 02 03 04 05 06

34: AOI(MAM) & SST(EVY) D7 7= v 7 (-4 4F).
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Lag—Map AOI(MAM) with Yearly Mean SST
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35: AOI(MAM) & SST(#E ) D7 7~ v 7" (-5 ).

Lag—Map AOI(MAM) with Yearly Mean SST
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36: AOI(MAM) & SST(fEVHY) D7 7= v 7 (-6 4F).
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Lag—Map AOI(MAM) with Yearly Mean SST
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37: AOI(MAM) & SST(H#E ) D7 7~ v 7" (-TH).

Lag—Map AOI(MAM) with Yearly Mean SST
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38: AOI(MAM) & SST(EVY) D7 7= v 7 (-8 4F).
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Lag—Map AOI(MAM) with Yearly Mean SST
Lag year=-9
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39: AOI(MAM) & SST(H# 1) D7 7~ v 7" (-9 ).

Lag—Map AOI(MAM) with Yearly Mean SST
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40: AOI(MAM) & SST(fEF) @ 7 7= v 7 (-10 4F).
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Lag—Map AOI(MAM) with Yearly Mean SST
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41: AOI(MAM) & SST(4#EV4) D7 7~ v 7 (-11 4E).

Lag—Map AOI(MAM) with Yearly Mean SST
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42: AOI(MAM) & SST(fEV) D 7 7= v 7 (-124F).
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Lag—Map AOI(MAM) with Yearly Mean SST
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43: AOI(MAM) & SST(#EV) D7 7= v 7 (-134F).
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Lag—Map AOI(JJA) with Yearly Mean SST
Lag year=+0
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44: AOI(JJA) & SST(H V) D7 7= v 7 (0 4E).

Lag—Map AOI(JJA) with Yearly Mean SST
Lagyear=+1
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45: AOI(JJA) & SST(UE) @5 7= v 7" (+14E).
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Lag—Map AOI(JJA) with Yearly Mean SST
Lag year=+2
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46: AOI(JJA) & SST(H: V) D7 7=y 7 (+24E).

Lag—Map AOI(JJA) with Yearly Mean SST
Lag year=+3
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47: AOI(JJA) & SST(UEF) @ 5 7= v 7" (43 4F).

55



Lag—Map AOI(JJA) with Yearly Mean SST
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48: AOI(JJA) & SST(H: V) D7 7=y 7 (+44F).

Lag—Map AOI(JJA) with Yearly Mean SST
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49: AOI(JJA) & SST(H V) D7 7= v 7 (+54F).
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Lag—Map AOI(JJA) with Yearly Mean SST
Lagyear=+6
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50: AOL(JJA) & SST(H- V) D7 7= v 7" (+6 4F).

Lag—Map AOI(JJA) with Yearly Mean SST
Lagyear=+7
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51: AOI(JJA) & SST(4E¥¥) @ 7 7= v 7" (+74F).
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Lag—Map AOI(JJA) with Yearly Mean SST
Lag year =+ 8
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52: AOI(JJA) & SST(4E¥¥) @ 7 7= v 7" (+8 4F).

Lag—Map AOI(JJA) with Yearly Mean SST
Lag year=+9
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53: AOI(JJA) & SST(H- V) D7 7= v 7" (+94F).
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Lag—Map AOI(JJA) with Yearly Mean SST
Lag year =+ 10
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54: AOI(JJA) & SST(H#E¥¥) @7 7= v 7 (+10 4).

Lag—Map AOI(JJA) with Yearly Mean SST
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55: AOL(JJA) & SST(H V) @7 7= v 7" (+114E).
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Lag—Map AOI(JJA) with Yearly Mean SST
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56: AOI(JJA) & SST(HE¥¥) @7 7= v 7 (+12 4).
Lag—Map AOI(JJA) with Yearly Mean SST
Lag year =+ 13
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57: AOL(JJA) & SST(4- V) D7 7= v 7" (+134E).
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Lag—Map AOI(JJA) with Yearly Mean SST
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58: AOI(JJA) & SST(4E W) @7 /= v 7 (-14F).

Lag—Map AOI(JJA) with Yearly Mean SST
Lag year=-2
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59: AOI(JJA) & SST(4F W) @7 7= v 7 (-24F).
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Lag—Map AOI(JJA) with Yearly Mean SST
Lag year=-3
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60: AOI(JJA) & SST(HE) D7 7= v 7" (-3 4F).

Lag—Map AOI(JJA) with Yearly Mean SST
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61: AOI(JJA) & SST(H V) D7 7=y 7 (-4 4F).
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Lag—Map AOI(JJA) with Yearly Mean SST
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62: AOI(JJA) & SST(H: V) D7 7= v 7 (-5 4F).

Lag—Map AOI(JJA) with Yearly Mean SST
Lagyear=-6
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63: AOI(JJA) & SST(HEEH) D F 7= v 7 (-6 4F).
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Lag—Map AOI(JJA) with Yearly Mean SST
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64: AOI(JJA) & SST(H: V) D7 7= v 7 (-74E).

Lag—Map AOI(JJA) with Yearly Mean SST
Lag year=-8
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65: AOI(JJA) & SST(HE) D7 7= v 7" (-8 4F).
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Lag—Map AOI(JJA) with Yearly Mean SST
Lag year=-9
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66: AOI(JJA) & SST(HE) D7 7= v 7" (-9 4F).

Lag—Map AOI(JJA) with Yearly Mean SST
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67: AOI(JJA) & SST(fE¥4) @7 7= v 7 (-10 4).
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Lag—Map AOI(JJA) with Yearly Mean SST
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68: AOI(JJA) & SST(4E V) D7 7= v 7 (-114F).

Lag—Map AOI(JJA) with Yearly Mean SST
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69: AOI(JJA) & SST(4EVH) D7 7= v 7 (-124F).
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Lag—Map AOI(JJA) with Yearly Mean SST
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70: AOL(JJA) & SST(H- V) @7 7= v 7 (-134F).
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Lag—Map AOI(SON) with Yearly Mean SST
Lag year=+0
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71: AOI(SON) & SST(H 1) @7 7= v 7 (0 4).

Lag—Map AOI(SON) with Yearly Mean SST
Lagyear=+1
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72: AOI(SON) & SST(%E V) D7 7=y 7 (+14).
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Lag—Map AOI(SON) with Yearly Mean SST
Lag year=+2
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73: AOI(SON) & SST(H:VH) D7 7= v 7 (+2 ).

Lag—Map AOI(SON) with Yearly Mean SST
Lag year=+3
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74: AOI(SON) & SST(H V) D7 7= v 7 (+34F).
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Lag—Map AOI(SON) with Yearly Mean SST
Lag year=+4
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75: AOI(SON) & SST(H V) D7 7~ v 7 (+4 4F).

Lag—Map AOI(SON) with Yearly Mean SST
Lagyear=+5
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76: AOIL(SON) & SST(fE1¥) D7 7= v 7 (+5 ).
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Lag—Map AOI(SON) with Yearly Mean SST
Lagyear=+6
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77: AOI(SON) & SST(H V) D7 7= v 7 (+6 4F).

Lag—Map AOI(SON) with Yearly Mean SST
Lagyear=+7
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78: AOI(SON) & SST(fE1¥) D7 7= v 7' (+7 ).

71



Lag—Map AOI(SON) with Yearly Mean SST
Lag year =+ 8
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79: AOI(SON) & SST(H V) D7 7~ v 7 (+84F).

Lag—Map AOI(SON) with Yearly Mean SST
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80: AOI(SON) & SST(# V) @7 7= v 7 (+94F).
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Lag—Map AOI(SON) with Yearly Mean SST

Lag year =+ 10
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81: AOI(SON) & SST(4EV-¥) D7 7= v 7" (+10 4F).

Lag—Map AOI(SON) with Yearly Mean SST
Lag year=+11
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82: AOI(SON) & SST(fE¥) @7 7= v 7' (+11 4F).
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Lag—Map AOI(SON) with Yearly Mean SST

Lag year =+ 12
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83: AOI(SON) & SST(4 V) D7 7= v 7 (+124E).

Lag—Map AOI(SON) with Yearly Mean SST
Lag year =+ 13
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84: AOI(SON) & SST(4E V) @7 7~ v 7 (+13 4E).

74



Lag—Map AOI(SON) with Yearly Mean SST
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85: AOI(SON) & SST(4#¥¥) @7 7= 7 (-14F).

Lag—Map AOI(SON) with Yearly Mean SST
Lag year=-2
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86: AOI(SON) & SST(H# V) D7 7~ v 7 (-2 4).
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Lag—Map AOI(SON) with Yearly Mean SST
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87: AOI(SON) & SST(H# V) @ 7 7'~ v 7 (-3 4E).

Lag—Map AOI(SON) with Yearly Mean SST
Lag year=-4
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88: AOI(SON) & SST(H V) o7 7= v 7 (-4 4F).

76



Lag—Map AOI(SON) with Yearly Mean SST
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89: AOI(SON) & SST(H# V) @ 7 7'~ v 7 (-5 4E).

Lag—Map AOI(SON) with Yearly Mean SST
Lagyear=-6
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90: AOI(SON) & SST(H V) o7 7= v 7 (-6 4F).
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Lag—Map AOI(SON) with Yearly Mean SST
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91: AOI(SON) & SST(H# V) @ 7 7~ v 7 (-T4E).

Lag—Map AOI(SON) with Yearly Mean SST
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92: AOI(SON) & SST(H# V) D 7 7'~ v 7 (-8 4F).
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Lag—Map AOI(SON) with Yearly Mean SST
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93: AOI(SON) & SST(H# V) @ 7 7~ v 7 (-9 4F).

Lag—Map AOI(SON) with Yearly Mean SST
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94: AOI(SON) & SST(H# V) @7 7= v 7 (-10 ).

79



Lag—Map AOI(SON) with Yearly Mean SST
Lag year =-11

4
T T T
80° 100° 120° 140° 160° 180° -160° -140° -120° -100" -80° -60°

-06 -0.5 -04 -03 -02 -0.1 00 0.1 02 03 04 05 06

95: AOI(SON) & SST(# V) @ 7 7= v 7 (-11 %),

Lag—Map AOI(SON) with Yearly Mean SST
Lag year=—12
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96: AOI(SON) & SST(4 V) @7 7= v 7 (-124F).
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Lag—Map AOI(SON) with Yearly Mean SST
Lag year=- 13
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97: AOI(SON) & SST(H# V) @ 7 7~ v 7 (-134).

81



Lag—Map AOI(DJF) with Yearly Mean SST
Lag year=+0
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98: AOI(DJF) & SST(H: V) o7 7= v 7 (0 4).

Lag—-Map AOI(DJF) with Yearly Mean SST
Lagyear=+1
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99: AOI(DJF) & SST(#: V) 7 7=y 7 (+14).
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Lag—Map AOI(DJF) with Yearly Mean SST
Lag year=+2
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100: AOI(DJF) & SST(4E49) D7 7~ v 7" (+2 ).

Lag—-Map AOI(DJF) with Yearly Mean SST
Lag year=+3
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101: AOI(DJF) & SST(4E49) D7 7= v 7" (+3 ).
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Lag—Map AOI(DJF) with Yearly Mean SST

Lag year=+4
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102: AOI(DJF) & SST(4E49) D7 7~ v 7" (+4 ).

Lag—-Map AOI(DJF) with Yearly Mean SST
Lagyear=+5
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103: AOI(DJF) & SST(4E49) D7 7= v 7" (+5 ).
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Lag—Map AOI(DJF) with Yearly Mean SST

Lagyear=+6
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104: AOI(DJF) & SST(4E49) D7 7~ v 7" (+6 ).

Lag—Map AOI(DJF) with Yearly Mean SST
Lagyear=+7
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105: AOI(DJF) & SST(4EV49) D7 7~ v 7" (+7 ).
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Lag—Map AOI(DJF) with Yearly Mean SST
Lag year =+ 8
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106: AOI(DJF) & SST(4E49) D7 7~ v 7" (+8 ).

Lag—-Map AOI(DJF) with Yearly Mean SST
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107: AOI(DJF) & SST(4EF49) D7 7= v 7" (+9 4).
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Lag—Map AOI(DJF) with Yearly Mean SST
Lag year =+ 10
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108: AOI(DJF) & SST(H#:V) 7 7= v 7 (+104F).

Lag—-Map AOI(DJF) with Yearly Mean SST
Lag year=+11
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109: AOI(DJF) & SST(H#: V) 7 7= v 7 (+114EF).
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Lag—Map AOI(DJF) with Yearly Mean SST
Lag year =+ 12
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110: AOI(DJF) & SST(4EV49) D7 7= v 7" (+12 4F).

Lag—-Map AOI(DJF) with Yearly Mean SST
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111: AOI(DJF) & SST(4EV49) D7 7'~ v 7" (+13 4F).
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Lag—Map AOI(DJF) with Yearly Mean SST
Lag year=-1
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112: AOI(DJF) & SST(4EV4) D7 7~ v 7" (-1 4).

Lag—-Map AOI(DJF) with Yearly Mean SST
Lag year=-2

80°

60°

40°

20°

80° 100° 120° 140° 160° 180° -160° -140" -120° -100" -80° -60°

-06 -0.5 -04 -03 -02 -0.1 00 041 02 03 04 05 06

113: AOI(DJF) & SST(4EV49) D7 7~ v 7" (-2 4).

89



Lag—Map AOI(DJF) with Yearly Mean SST

Lag year=-3
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114: AOI(DJF) & SST(4EV49) D7 7~ v 7" (-34).
Lag—-Map AOI(DJF) with Yearly Mean SST
Lag year=-4
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115: AOI(DJF) & SST(4EV49) D7 7~ v 7" (-4 H).
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Lag—Map AOI(DJF) with Yearly Mean SST
Lag year =-5

1 L 1
r?'-.. A TN -

= Sger o
] i ‘

n ",q,.__‘.
,/AE’

80° 100° 120° 140° 160° 180° -160° -140° -120° -100" -80° -60°

-06 -0.5 -04 -03 -02 -0.1 00 0.1 02 03 04 05 06

116: AOI(DJF) & SST(4#EV43) D7 7~ v 7" (-5 ).

Lag—-Map AOI(DJF) with Yearly Mean SST
Lagyear=-6
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117: AOI(DJF) & SST(4EV49) D7 7= v 7" (-6 ).
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Lag—Map AOI(DJF) with Yearly Mean SST
Lag year=—-7
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118: AOI(DJF) & SST(4EV49) D7 7~ v 7" (-TH).

Lag—Map AOI(DJF) with Yearly Mean SST
Lag year=-8
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119: AOI(DJF) & SST(4EV49) D7 7~ v 7" (-8 4).
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Lag—Map AOI(DJF) with Yearly Mean SST
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120: AOI(DJF) & SST(4EV4) D7 7~ v 7" (-9 %),

Lag—Map AOI(DJF) with Yearly Mean SST
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121: AOI(DJF) & SST(4EV4) D7 7= v 7" (-10 4E).
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Lag—Map AOI(DJF) with Yearly Mean SST
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122: AOI(DJF) & SST(4EV4) D7 7= v 7 (-11 4E).

Lag—Map AOI(DJF) with Yearly Mean SST
Lag year=—12
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123: AOI(DJF) & SST(4EV4) D7 7= v 7 (-12 4F).
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Lag—-Map AOI(DJF) with Yearly Mean SST
Lag year =-13
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124: AOI(DJF) & SST(4#£V4) D7 7= v 7" (-13 4E).
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Lag—Map AOI(ALL) with Yearly Mean SST
Lag year=+0
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125: AOI(ALL) & SST(H#: 1) @7 7= v 7" (0 4F).

Lag—Map AOI(ALL) with Yearly Mean SST
Lagyear=+1
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126: AOI(ALL) & SST(A ) @ 7 7~ v 7 (+14F).
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Lag—Map AOI(ALL) with Yearly Mean SST
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127: AOI(ALL) & SST(H#: V) O 7 7=y 7 (+24F).

Lag—Map AOI(ALL) with Yearly Mean SST
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128: AOI(ALL) & SST(EH) D7 7= v 7" (43 4EF).
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Lag—Map AOI(ALL) with Yearly Mean SST
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129: AOI(ALL) & SST(H#: V) O 7 7=y 7 (+4 4F).
Lag—Map AOI(ALL) with Yearly Mean SST
Lagyear=+5
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130: AOI(ALL) & SST({EH) D7 7= v 7 (45 4F).
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Lag—Map AOI(ALL) with Yearly Mean SST
Lagyear=+6
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131: AOI(ALL) & SST(H#: V) D7 7= v 7 (46 4F).

Lag—Map AOI(ALL) with Yearly Mean SST
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132: AOI(ALL) & SST(fE V) D7 7=y 7 (47 4F).
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Lag—Map AOI(ALL) with Yearly Mean SST
Lag year =+ 8
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133: AOI(ALL) & SST(H#: V) © 7 7= v 7 (+8 ).

Lag—Map AOI(ALL) with Yearly Mean SST
Lag year=+9
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134: AOI(ALL) & SST(E) D 7 7= v 7" (49 4F).
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Lag—Map AOI(ALL) with Yearly Mean SST
Lag year =+ 10

80" 4

60°

40°

20°

-20°

80° 100° 120° 140° 160° 180° -160° -140° -120° -100" -80° -60°

-06 -0.5 -04 -03 -02 -0.1 00 0.1 02 03 04 05 06

135: AOI(ALL) & SST(f: V) @ 7 7= v 7 (+10 4F).

Lag—Map AOI(ALL) with Yearly Mean SST
Lag year=+11
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136: AOI(ALL) & SST({EF) @5 7= v 7" (411 4F).
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Lag—Map AOI(ALL) with Yearly Mean SST

Lag year =+ 12
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137: AOI(ALL) & SST(f:V) © 7 7=y 7 (+124F).
Lag—Map AOI(ALL) with Yearly Mean SST
Lag year =+ 13
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138: AOI(ALL) & SST({EF) @5 7= v 7" (413 4F).
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Lag—Map AOI(ALL) with Yearly Mean SST

Lag year =-1
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139: AOI(ALL) & SST(%: V) @7 7= v 7 (-1 4F).

Lag—Map AOI(ALL) with Yearly Mean SST

Lag year=-2
80° . . s
60° "
40 ;i) ,:?
N -ﬁ!l‘-.’n.
o

20§ -‘
80° 100° 121

| &8
01

40° 160° 180° -160° -140" -120° -100" -80° -60°

-06 -0.5 -04 -03 -02 -0.1 00 041 02 03 04 05 06

140: AOI(ALL) & SST(4E ) @ 5 7= v 7' (-2 4F).
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Lag—Map AOI(ALL) with Yearly Mean SST
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141: AOI(ALL) & SST(f: V) O 7 7= v 7 (-3 4EF).
Lag—Map AOI(ALL) with Yearly Mean SST
Lag year=-4
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142: AOI(ALL) & SST(4E) @ 5 7= v 7 (-4 4F).
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Lag—Map AOI(ALL) with Yearly Mean SST
Lagyear=-5
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143: AOI(ALL) & SST(f: V) @ 7 7= v 7 (-5 4E).

Lag—Map AOI(ALL) with Yearly Mean SST
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144: AOI(ALL) & SST(4E) @ 5 7= v 7 (-6 4F).
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Lag—Map AOI(ALL) with Yearly Mean SST
Lagyear=-7
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145: AOI(ALL) & SST(f: V) O 7 7=y 7 (-74E).

Lag—Map AOI(ALL) with Yearly Mean SST
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146: AOI(ALL) & SST(4E) @ 5 7= v 7' (-8 4F).
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Lag—Map AOI(ALL) with Yearly Mean SST
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147: AOI(ALL) & SST(f:V8) © 7 7= v 7 (-9 4E).

Lag—Map AOI(ALL) with Yearly Mean SST
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148: AOI(ALL) & SST({EF) @5 7= v 7 (-10 4F).
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Lag—Map AOI(ALL) with Yearly Mean SST

Lagyear=-11
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149: AOI(ALL) & SST(#E V) 7 7'~ v 7 (-11 4F).

Lag—Map AOI(ALL) with Yearly Mean SST
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150: AOI(ALL) & SST({EF) D7 7= v 7" (-124F).
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Lag—Map AOI(ALL) with Yearly Mean SST
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151: AOI(ALL) & SST(H#:V¥) © 7 7= v 7 (-134F).
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